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OXYGEN STEELMAKING PROCESSES 
VAY iB Ub Ub bd ZA oo 


BRITAIN S foremost builders of steelmaking plant 


consult 


Marking a new departure 
in the practical field of 
oxygen steelmaking, this 20 
ton unit for refining blast 
furnace metal was designed, 
in collaboration with the 
Brymbo Steel Works, and 
constructed by Wellman. 


Refining-is effected by in- 
jecting oxygen and powdered 
lime, through automatically 
controlled lances, into the 
bath. 


The vessel has provision 
for :— slagging, adding scrap 
and fluxes, fettling, and 


sampling during operation. 


This is a further example 
of Wellman activities in 
providing designs and equip- 
ment for new steelmaking 
techniques involving the use 
of tonnage oxygen. 


June, 1959 


THE WELLMAN SMITH OWEN 
PARNELL HOUSE, WILTON ROAD, LONDON, 
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ENGINEERING 


WORKS : 


DARLASTON, 


South Staffs, 








CORPORATION LTD. 


& BELFAST. 


Conference on 
A- Ray 
nalytical methods 


A conference will be held on X-Ray Diffraction and Spectro- 
graphy in conjunction with the Department of Chemistry at 
Imperial College of Science and Technology, London, S.W.7 ; 
from Monday, 6th of July to Friday, roth of July, inclusive. 
The conference will discuss and evaluate modern techniques 
and instrumentation for Diffractrometry and Fluorescent 
Analysis. An extensive range of modern equipment will be 
available for demonstrating the principles of these methods 
over a wide field of applications. 

Time will be made available for the consideration and study 
of samples submitted by members. Sample preparation and 
presentation together with the use made of electronic 
analytical information will be discussed in relation to the 
requirements of industry. 

Full information concerning the conference together with 
detail of registration fees may be obtained from the Confer- 
ence Secretary at Research and Control Instruments 
Limited, Instrument House, 207 King’s Cross Road, W.C.1, 
to whom all enquiries and applications should be addressed. 


RESEARCH & CONTROL INSTRUMENTS LTD 
Instrument House, 207 King’s Cross Road, W.C.1. Telephone : TERminus 8444. 
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BLOOMING / 
SLABBING MILL 


Supplied complete with all accessories to: 


THE PATENT SHAFT & AXLETREE CO. LTD. 





We also supplied a complete Plate Rolling Mill 
Plant with 98° 4-High Mill Stand to this customer. 


THE Kelas Ad ENGINEERING COMPANY LTD. 
ves BOURNEMOUTH ENGLAND 
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At your Service... 


This man is one of the Foster Instrument Company’s Service Engineers. He is just setting out on an 


emergency call to a large engineering works in the Midlands where a breakdown has been reported. 


He will travel over fifty miles, find the fault, set the equipment working again and be on his way to 


a regular service Contract appointment after lunch. That call will have cost the customer a worrying 


few hours, a stoppage of production and lost time for several operatives — and it 


could well have been avoided by using the 


Foster Service Contract Scheme. 


Briefly this scheme, which has been in successful 


operation for over 20 years, covers periodic visits 


by our Service Engineer to examine, adjust and 


certify (to A.I.D. requirements) the accuracy of 


our temperature measuring equipment. The visits 


can be arranged at 3, 6 or 12 monthly 


intervals 


according to the customers’ requirements and the 


charges are very reasonable. If you use Foster 


instruments do write to us for details of this 


scheme — wherever you are in England, 


Scotland, Wales or Northern Ireland. 


N.B. Extract from customer’s letter— 


**We have in use a pyrometer of your manufac- 
ture, purchased from you apparently in 1918 . 
We are pleased to say that this instrument is still 
giving good service ...but we now require a 


new Thermocouple.” 


We know that this sort of performance is 
inherent in Foster instruments, but we still 
recommend our scheme as being the key 


to maintained accuracy 


“‘The Pyrometer People’’ 


FOSTER INSTRUMENT CO LTD 


Letchworth, Herts, England. 


Telephone: Letchworth 984/5/6 


Members of S.1.M.A. and B.1.M.C 
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JOSEPH ADAMSON 


ELECTRIC OVERHEAD TRAVELLING CRANES 


The Adamson 50/10 ton crane is the third of a series 
of new design supplied to Richard Thomas & Baldwins 
Limited, Ebbw Vale Section. Features of the crane 
include monolithic construction of the crab and the 
elimination of castings by mild steel fabrication of the 
hoist barrel and bottom block. The cab is of particular 
interest as it incorporates the most modern type of 
seat unit ensuring maximum vision and ease of control. 
Joseph Adamson electric overhead travelling cranes can 
be supplied to all specifications including cranes suited 
a view of the cab showing to the most exacting 24 hours-a-day process work. 


the seat control unit. 


gOSEPN ADAMSON & CO. LTD. 
.o.8oR “" VYeE€ CHWOES WHERE 
in association with 
Adamson Alliance Co. Ltd., 165 Fenchurch St., London, E.C.3 
Horsehay Co. Ltd., Wellington, Salop 


THE ADAMS ON GROUP 
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Precision ground and Centreless turned 








Makers of Precision Ground 
Bars in many qualities of Carbon 
and Alloy steels to tolerances 


varying from .00025" to .001 





, as specified. Centreless 
Turned and Cold Drawn Bars 
are also supplied, the former 
to limits —- .004’ and the latter 


to limits — .002°. 














a 


ENGLISH STEEL ROLLING MILLS CORPORATION 
River Don Works, Sheffield 
{ wholly owned subsidiary of English Steel Corporation Ltd. 
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The world’s largest turbo-blower was built and installed by Parsons at the 
Scunthorpe Works of the Appleby Frodingham Steel Company Branch of the 
United Stee] Companies Limited, 

Known as the ‘E’ Blower, it is designed to supplement the output of the four smaller 
turbo-blowers, also built and installed by Parsons, or to act as a separate unit blowing 
air direct to any one, or two, of the four blast furnaces at this modern iron works. 


TURBO-BLOWERS 


‘E’ Blower is capable of delivering 160,000 cubic feet of free air per minute at a pressure of 35 lb. p.s.i. 


C.A.PARSONS & COMPANY LIMITED 


HEATON WORKS:-NEWCASTLE UPON TYNE 6 
June, 1959 
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SPEEDING THE SINTER FL. 


This photograph was taken 

looking down on the sinter conveyor 
at Barrow Ironworks. 

On the right of the conveyor 

can be seen two of the three fans 
which have reduced the cooling 
interval so efficiently. 


For 70 years, we have made steady improve- 
ment of the sintering process our business, and 
each sinter plant we design and install incor- 
porates the latest developments in sintering 
technique. 

At many new sinter plants, including those at 
Barrow Ironworks, Consett Ironworks, the 
Iron and Steel Corporation of South Africa, 
Cockerill-Ougrée (Belgium) and the Société 
Métallurgique de Normandie (France), a new 
Huntington Heberlein cooler has increased the 
efficiency of the sinter process. High quality 
sinter is being cooled in 20 minutes from 600° ¢ 
for transmission on normal belt conveyors. This 
cooling is achieved by forced circulation from 
cold air fans which work at very low power 
consumptions 

Associated in the U.S.A. with Koppers Com- 
pany Incorporated, our other specialities in- 
clude: Ore Dressing Plants, High Intensity 
Magnetic Separators, Herreshoff Furnaces and 
Badische Turbulent Layer Roasters. 





The feed rate 


control panel 





at Barrow 





CONTINUOUS SINTERING PLANTS BY 


Huntington, Heberlein & Co. Ltd 


Simon House, 28-29 Dover Street, London, W.1. Telephone: Hyde Park 8191. Telex: 2-3165. Telegrams: Innovation Wesphone London Telex 


Commonwealth Representatives | Simon-Carves (Africa) (Pty) Ltd: Johannesburg — Simon-Carves (Australia) Pty Lid: Botany, N.S.W. 
HH29 
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Copyright, Radio Times Hulton Picture Library. 
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‘Every mar to bis own trade — 


--. and our trade is ST E E LY! 


Not only mild steel for everyday use but also the special steels 


demanded by the Nuclear Age ... for example we produced 
the special steel plates for the reactor vessels at Calder Hall, 
Chapelcross and Bradwell and now we have been entrusted 
with the production of the plates for the nuclear power station 


reactor at Latina, Italy. 


An interesting booklet ‘* Steels for the Job” 
just published by us, describes some of our 


newer products We shall be delighted to send you a cop) 


YOU SHOULD HAVE 
THIS BOOK. Our technical and research department will also welcome 


enquiries from any whose problem is... STEEL 


CONSETT IRON COMPANY LIMITED. CONSETT, COUNTY DURHAM 


Telephone : Consett 341 (12 lines) Telegrams: Steel Phone Consett. 
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Radiation broke up the gel structure of conven- 
tional greases. They lost their lubricating proper- 
ties, turned fluid or granulated. Completely new 
kinds of greases were needed by the atomic power 
industry for the bearings situated within the 
radiation field. 

The Shell Group started working out radiation- 
resistant APL greases whilst most nuclear power 
stations were still on the drawing-board, and the 
research that went into them is characteristic of 
the way Shell sct about doing things. 

A team of research workers was assembled at 
Shell’s Research Centre at Thornton. After four 
years of research and testing — both at Thornton and 
the A.E.R.E. Harwell- APL greases were ready 
for their finals. A sample was packed into a bearing 


The Research Story 


Naturally a whole variety of greases were investigated. 


Conven- 


TRIUMPHS OF SHELL RESEARCH 


the final test... 


and sunk into the B.E.P.O. pile. There it was not 
only subjected to mechanical working and high tem- 
peratures in CO), but also to an integrated pile 
dosage of 2.7 x 10'* thermal N. per sq. cm. plus asso- 
ciated radiation. APL greases sailed through their 
finals—and Shell are proud of it. They should be. 
For with these greases, Shell completed Britain’s 
first range of Atomic Power Lubricants. 

The moral of the APL story is that Shell 
research is supremely applicational. The Centre 
at Thornton is always ready to work with even the 
most specialised sectors of industry to produce the 
right lubricant for the job. If you and your organi- 
sation have any major lubrication problem, it will 
pay you to get in touch with your local distributor 
of Shell Industrial Lubricants. 


tional metallic soap greases were affected even by relatively low 
levels of radiation. Other greases based on synthetic and non- 
petroleum materials were examined and found to be equally 
unstable. Some of them softened appreciably and became tacky, 
whilst others hardened. 

The Shell APL 700 series of greases are specially processed 
with an inorganic gelling agent, the base lubricant used being 
similar to the APL oils previously proved highly resistant to 
radiation. There were three series of tests. First tests were prelimi- 
nary radiation tests at Harwell. Then the greases were tested for 
their lubricating qualities in a high temperature (400 F) pressurised 
CO, anti-friction bearing rig turning at 1,500 r.p.m. For the final 
tests, actual working conditions were simulated at Harwell. 





ATOMIC POWER LUBRICANTS 


another proof of Shell leadership in lubrication 
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for direct 
reduction of 
iron ore and 
PROCESS subsequent wet 
separation of 
gangue 


THE 











Rotary reduction kiln of the R-N 
plant at Birmingham, Alabama. 


R-N Product replaces pig ironaswellas scrap 


The R-N Process provides the world’s steel industry with a new steel furnace Representative for Europe: 
feed material from ores of nearly all types by direct reduction utilizing various 
types of solid, low-cost fuel and surplus gas if available. 

The wet magnetic separation after reduction removes the ore gangue and 
the concentrate obtained contains usually more than 90°, Fe as metal, less 3 
than 3°,, SiO, and only a smaller part of the phosphorus of the ore. Tel: 48.81.30 
The sulphur content of the concentrate is below 0.05 °;.. 
The concentrate is dried and formed into briquettes. 
The capital cost of an R-N plant is about half that required 
for a blast furnace complex of corresponding size, and the 
production cost for R-N metallic iron briquettes will be 
considerably lower than that for pig iron. 

Low stable price and uniform composition make R-N iron 
an excellent and competitive substitute for scrap. 

The development of the R-N process to a commercial 
process is the result of collaboration between the Republic 
Steel Corporation and the National Lead Company through 
the R-N Corporation, New York. 





R-N PROCESS AGENCY 


162, Avenue Louise, 


Brussels. 
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AND COM PA NM 


HUDSWELL, CLARKE 




















Diesel Mechanical Locomotive 


for the South Durham Steel & Iron Co. Ltd. % 


Incorporating National Diesel Engine, Scoop Control 


Fluid Coupling, S.S.S. 3-speed Powerflow Gear Box. 


Y Kine ites 


Pioneers for nearly 100 years 


DESIGNERS AND BUILDERS OF STEAM, DIESEL MECHANICAL, 
DIESEL ELECTRIC, ELECTRIC AND BATTERY LOCOMOTIVES FOR ALL PURPOSES 


Locomotive Engineers, Railway Foundry, Leeds, 10 

Telephone: 34771 (6 lines) Cables: Loco, Leeds 

London Office: 14 Howick Place, Victoria Street, S.W.!. (Telephone: ViCtoria 6786) 
Telegrams: Hudclar, Sowest, London. Cables: Hudclar, London 
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<4 80 ton steelworks crane. 


We are specialists in the design 
and manufacture of heavy duty 
and large capacity overhead elec- 


tric travelling cranes 


Comprehensive catalogue for- 
warded on request 


STEELWORKS 





LOUGHBOROUGH ENGLAND 
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Platinum Metals Review 
A quarterly survey... 


In recent years the industrial consumption of the platinum 
metals has increased so rapidly that today nine-tenths 

of all platinum production is absorbed by industry. To 
provide research workers, engineers, chemists and 
metallurgists with up-to-date information, * Platinum 
Metals Review ” is published quarterly. May 


we add your name to our mailing list? 















The Care of Platinum 
Thermocouples 
By B. E. Bennett, ru. 





THE INDUSTRIAL 








APPLICATIONS OF THE 


PLATINUM METALS 








Information regarding the properties of the platinum metals 
and their industrial applications is freely available. 


Johnson afi Matthey 


Telephone: Central 8004 
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JOHNSON, MATTHEY & CO., LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.! 
Vittoria Street, Birmingham |. 
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Telephone: Holborn 6989 
75-79 Eyre Street, Sheffield | 


Telephone: 2921/2 
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A MODERN TECHNIQUE 


Above is an example of this technique. The 95 ft. long heat 
exchanger is totally covered with Stillite SR10 semi-rigid slabs 
and mineral wool mattresses. The heat is applied within the 
vessel by means of electric resistance elements disposed to 
give uniform heat. In this instance stress relieving tempera- 
ture was attained in only 25 hours, and the soaking tempera- 


ture maintained. 





Regd. Trade Mark 


STILLITE PRODUCTS LIMITED 


Telephone 


Stress relieving of a heat-exchanger for Bradwell Nuclear Power 


Thornaby-on-Tees Works 


of Messrs 





Head W rightson Teesdale 


Stress relieving of LARGE VESSELS 


ADVANTAGES 


* 


* 


Stress relieving can be carried out 
on site thus solving the problem of 
transporting large vessels 


Saving in Capital Investment—no 
outlay required for a 
manent furnace structure 


large per 


Saving in heating costs. Relieving 
temperature quickly attained be 
cause of the low heat capacity of 
the enclosing insulation 


Full information upon the application of this technique gladly sent on request. 


Central 4292 


Station carried 


Lid 





15 WHITEHALL, LONDON, S.W.1. 


Whitehall 0922/6 and 231 St. Vincent Street, Glasgow, C.2. Telephone 
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reasons 
you should use these 
OLLER GUIDES 
in your bar or wire 
rod mill 


QO... entry friction guides are rigidly 


|clamped into the guide box. They are inte »nded 
o lead the oval to the groove in the roller, to 
»rotect the rollers against overloading, and to 


| straighten bent rods. 
£ 


The groove in the entry guides is made about 
1/8" wider than the oval. 


©... rollers are mounted on leaf springs, 


which can be adjusted by means of the screws 
“B”, and hold the oval steadily even if there 
should be some slight variation in the thick- 
ness of the oval 


Oo If the thickness of the oval should vary, 


the springs of both rollers yield an equal 
amount, so that the oval remains in the centre 
of the groove. 


4) To tilt the oval, the screws “A” are ad- 


justed. One roller will then be lifted as much 
as the other is lowered. 


Ss] As the oval is held very rigidly, the lead- 


er oval for wire rod may be thick, unless 
other circumstances call for a thinner oval. 


6 | The roller guide assemblies are narrow, 


and all screws that require adjustment during 
rolling are accessible from the front of the mill. 
No lateral space outside the guide box is there- 
fore required for gaining access to the set 
screws, and the guide box assembly can thus 
be located close to the mill housing. 


MORGARDSHAMMA 


Nos. 125 and 155 roller guides fitted in a 27 1/2 in. (700 
mm.) diameter, three-high stand for rolling 2 3/4, 3 3/16, 
3 9/16, 4, 4 3/8 and 4 7/8 in. (70, 80, 90, 100, 110 and 
124 mm.). 


2 s q 


@ As the groove in the entry guides is wide 


and nothing but rolling friction acts on the 
oval, the latter is very easily introduced into 
the pass, and there is practically no risk of 


scratching the bar 


8 The roller guide may be used not only 


for leader and drawing oval passes but also for 
edging flats as well as for rolling squares, hexa- 
gons, octagons and various other sections, for 
instance in reduction passes for hexagon. It is 
suitable for all types of rolling mill. An impor- 
tant advantage is that the roller guide enables 
repeaters to be used in rolling plump leader- 


OV als. 


Practically speaking, every bar and 
wire rod mill in Scandinavia uses rol- 
ler guides of our design. 


For the complete story — 
send for your copy of Bulle- 
tin L3-1E, 


MORGARDSHAMMARS MEK VERKSTADS AB « MORGARDSHAMMAR + SWEDEN 


Telegrams: Morgardshammar, Ludvika. Sweden 








HOLSET 
FLEX! 


a4 
COUPLINGS 





Flexible Couplings are giving a 
ughly satistactory performance in many 
leading steel works and are specified 

for their important characteristics :— 


Ample torsional resilience 


Capacity to absorb shocks, torque 
fluctuations and accommodate substantial 


hat 


hatt misalignment 


Noiseless operation and absence of 


maintenance and lubrication. 


Maximum protection to both prime mover 


ind ariven 


machine, hence lowest 
ll 


il maintenance costs 


overa 


. 


ee " 


The Coupling illustrated transmits 21,000 H.P 
at 40 r.p.m. to a Reversing Slabbing Mill. 
Small coupling diameter means a low WR°—a 
very important factor in reversing 
mills—shafts up to 32” diameter can 

be accommodated 


TLAS/E\T me 


ENGINEERING LTD. 


The 


- TURNBRIDGE - HUDDERS 


FIELD 


Holset, Hudde 


Cau 
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When you order or enquire for carburizing 
boxes from Thompson L’Hospied you are not 
left in peace—unless you have given us full 
particulars of the conditions in which they are 
to be used. We produce all our Heat Resisting 
castings from exactly the right alloy, so that 
they'll do a fine job—and do it longer—in 
even the fiercest heat. 


That's where our long experience with 
the Furnace Industry benefits customers— 
they use us as an advice bureau—and we 
like it! Our cast Nickel Chrome carburizing 
boxes are in constant use in heat-treatment 
plants throughout the country 

Why not ask a representative to call 
on you? 


Thompson 


* 
% 


L’/Hospied 


3 
= 


ys & 
“Sistine © 


A Member of the Incandescent Group 


THOMPSON L’HOSPIED & 


co. LTD., 


STOURBRIDGE 








takes good care of you 
—with ILFORD Industrial B X-ray film 


High among the priorities of BOAC is safety. Behind the scenes at London 
Airport is some of the world’s finest equipment, operated by highly trained 
personnel to ensure the reliability of every detail that contributes to safe 


operation. : 

Where even the smallest foreign particle may imperil life, nothing is left to i L t 0 H D 
chance. Complex units, such as engine oil coolers which cannot be dis- 

mantled for inspection, are therefore radiographically examined to detect 


accumulations of sludge, metal debris, and carbon particles which would 
spell danger if they circulated in the engine lubrication system. 

For this examination, British Overseas Airways Corporation relies on 
ILFORD Industrial B X-ray film. Ilford has a reputation for reliability. 


20 JOURNAL OF THE IRON AND STEEL INSTITUTE 








HAS 
IT 
DAWNED 


THAT >, 

STEEL 

CASTINGS 

ARE QUICKEST AND CHEAPEST ° 


When designing ——think of castings first 


..and consult 


IN CARBON, LOW ALLOY, 
MANGANESE AND OTHER 


WEAR RESISTING STEELS, 
STAINLESS AND HEAT 
RESISTING STEELS. 


SMErFFLEtoD / 





HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND. 
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UNIQUE ADVANCE 
IN SILICA BRICK QUALITY 


DenSyl brick: 
are made fro 


raw aalenaalalelk 


m 


low 

















K39 
“> GR DENSYL 
To, 


offers outstanding purity 


O.H. Furnace roofs. 


and high density 


Glass tank roofs. 


Glass tank super-structure. “DENSYL” BRICK sets a new standard in silica 
bricks intended for use at high temperatures. 
Electric furnace roofs YENSYL i ote € fis : f British 

(central parts) etc. L INS iS made rom a new source Oo ritis 
Ga (indigenous) raw material, noted for its chemical 
‘GR; purity and uniformity. A new brickmaking process 
using newly developed techniques has produced a 
GR Technical Services Department is available for consultation by brick reaching a standard of purity and high 

users in the selection and application of these and other refractories. density hitherto unattainable. 


GENERAL REFRACTORIES LTD 


GENEFAX HOUSE . SHEFFIELD 10 - Telephone SHEFFIELD 31113 
384 


79 
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INCREASE PRODUCTION AND QUALITY 
LOWER MAINTENANCE AND OPERATING 
COSTS, OUTPUT UP TO 5 TONS PER 
HOUR, GAS OR ELECTRICALLY HEATED 





Strip in Coils 

Wire Coils 

Bar Materials 

Sheets in batches or singly 
lubes 





SOLE LICENSEES 


Ferrous or Non 


THE INTERNATIONAL CONSTRUCTION CO., LTD. 


56 KINGSWAY - LONDON W.C.2. 
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BRITISH 
STEEL 


AT ITS 


BEST 





WE PRODUCE BASIC OPEN HEARTH STEEL 


QUALITIES CARBONS UP TO 1.0,, 
DEEP STAMPING & RIMMING 
SILICON &SILICO-MANGANESE 
FREECUTTING 
LEAD-BEARING 


BLOOMS 5° up to 9° square 

BILLETS 2", 2)", 24”, 3°, 34” and 4’ sq. 

SLABS 5” to 16° wide x 2” to 2}” thick 

SHEETBAR 12’ wide x |” to }’ thick 
Other sizes by request 


Telegrams : For further particulars please write to us at : 


‘Lysaght-Scunthorpe’ JOHN LYSAGHT’S SCUNTHORPE WORKS LTD. 
ylemmene Normanby Park Steel Works, 
SCUNTHORPE, Lincolnshire. 


2271 (7 lines 

















Among the latest 
developments at 


Forgings and Castings up to 150 tons in Carbon and Alloy 
Parkhead steels, including Boiler Drums, Forged Steel Fully Hardened 
a, Se Work Rolls, Forged Steel Solid and Composite Back-up Rolls, 


is the 80-ton 
Electric Arc Heavy General Engineering Plant and complete 


—_— machining facilities. 





WILLIAM BEARDMORE & CO. LIMITED Also at 
11, Hamilton Place, Piccadilly 


Hyde Park Corner) London WI. 
Parkhead Steel Works, Glasgow E. I. (Hy Tel: GROsvenor 8786 


Telephone: BRidgeton 1881-8, Telegrams: Beardmore, Glasgow 2, St. John Street, Manchester 3 
Tel: BLAckfriars 9745 
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‘|’ -by HEAD 
Complete plant and 


Gas cleaning 
plant for the 
Appleby — 
Frodingham. 
Steel Co. 


' junction with the 
Internationa! 
Construction Co 





rene eee aremeantis a me ete cmcupeenme ss 2 ne 


Blast furnace for the Empresa Nacional 
Siderurgica S.A. at Aviles in Spain. The 
furnace hearth is 27 ft. in diameter. 

















WRIGHTSON (@ 


services for the steel! industry 
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Electrolytic tinning line 
at the Velindre Works of 


{oe the Steel Co. of Wales. 
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The largest and most J 

modern continuous gal- 

vanizing plant in Britain 

at the Ebbw Vale works x. . i 

of Rithard Thomas & > = 4 oe 

Baldwin Ltd. ~~ . fr aft 
v: vi ye 
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HEAD WRIGHTSON IRON & STEEL WORKS ENGINEERING LTD. 


TEESDALE IRON WORKS, THORNABY-ON-TEES 


THE HEAD WRIGHTSON MACHINE CO. LTD. 


COMMERCIAL STREET, MIDDLESBROUGH 




















What greater advantage can there be for any 
material than that it is the right one? 
Colvilles have developed a range of fitness- 
for-purpose steels which will withstand 
temperature extremes, resist gorrosion ag 
creep; steels which are re; 


by welding and othe: 





‘STEELS 


Amid the beauty of the Alps, for example, Colvilles special steel is 

p Pp P 
producing power for Swiss Industry. Coltuf 32 grade is used for the 
construction of the penstocks in Alpine Power Stations because it combines 


resistance to brittle fracture at low temperatures with high strength 


RANGES OF COLVILLES SPECIAL QUALITY STEELS INCLUDE 





ABRAZO Wear-resisting steel COLCLAD Suainless Nickel and Monel clad steels 
COLMO Creep-resisting steels CORTEN Corrosion-resisting steel 

COLTUF Notch Ductile steels DUCOL W.30 Weldable high strength steel 
ENQUIRIES ARE INVITED FOR THESE AND OTHER SPECIAL QUALITY STEELS 


COLVILLES LIMITED 


195 WEST GEORGE STREET, GLASGOW, C.2 
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OF MOLTEN iRON & SLA 


AFTER — CONTRACTION 


1GH THERMAL CONDUCTIVITY 


NO 
DEFORMATION UNDER A LOAD OF 2 TONS PER SQUARE INCH 


2 to 3 TIMES AS RESISTANT TO ABRASION 


COLD CRUSHING 5 


€xtra 


Why CARBLOX linings are 
chosen for Blast Furnaces 
throughout the world! 


Carstox must be used under reducing 

conditions; it has a mean crushing strength of 8,500 Ibs. 
per sq. inch (nearly 5 times that of the average 
firebrick); it is 2-3 times as resistant to 

abrasion as normal firebrick and burden, slag 


and molten iron do not stick to it. 


Photograph by courtesy of the Appleby- 
Over 140 Frodingham Steel Company, Scunthorpe 
CARBLOX j ; (branch of the United Steel Companies 


Blast Furnace linings “fe 57> £., Limited) 
throughout neh A : 
the world 


for the WELL-WALL, BOSH and HEARTH 


CARBLOX LIMITED, STORRS BRIDGE WORKS, LOXLEY 
Near SHEFFIELD. Telephone: SHEFFIELD 343844 (5 lines) 


One of the MARSHALL REFRACTORIES GROUP of companies 


Cx2 
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Today gas is the fuel in forging, annealing, rivet heating 
and other basic heat processes in shipbuilding and 

heavy engineering; gas also has specialised applications 
such as drying before shot blasting. Industrial Gas 
research and consumer service ensure that tomorrow gas 
will be Britain’s most economic fuel . . . AND TODAY 


every industry and 12 million homes use GAS. 


ad VL 


ISSUED BY THE GAS COUNCIL 

















Gas 
Valves 





4” Holmes-Western Valve 
Typical of valves 
3” and 4" bore 


From 3” bore to 48" bore 


¥ Double discs give 
double security. 


* Maximum safety—venting or 
sealing by water or oil. 


¥ Full bore—unobstructed flow. 


¥ Reversible to gas flow 
and pressure. 


#% Manual, semi-automatic or 
fully automatic operation. 


* Cast iron body with stainless 
steel components. 





A comprehensive twenty page 
brochure can be had on request 
Ask for Publication No. 76/ 24 


W.C.HOLMES & CO LTD 


Chemical Engineering Division 
TURNBRIDGE HUDDERSFIELD 
Telephones: Huddersfield 5280 

London: Victoria 997! Birmingham Midland 6830 
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Apply Directly Over Sound Rusted Surfaces! 


There is only one RUST-OLEUM. 
It is distinctive as 
your own fingerprint. 


Brush or Spray Rust-Oleum 769 Damp-Proof Red Primer Right 
Over Sound Rusted Surface. 


Save costly metal replacement, and beautify as you protect, 
with famous Rust-Oleum made in United States of America. 
If the surface is rusty — apply Rust-Oleum 769 Damp-Proof 
Red Primer right over the sound rusted metal — after scrap- 
ing and wirebrushing the rust scale and loose rust away. The 
specially-processed fish oil vehicle penetrates rust to bare 
metal — driving out air and moisture. It dries to a tough, 
firm, decorative finish that lasts and lasts. Proved throughout 
American industry for over 35 years. You save costly metal 
—and you save costly surface preparations as sandblasting 
and chemical cleaning solutions are usually eliminated. 


Beautify As You Protect With Rust-Oleum’s Wide Variety 
Of Colorful Finish Coatings. 


Rust-Oleum finish coatings are available in Red, White, 
Gray, Blue, Green, Black, Aluminum, Yellow and many 
other colors. Used over the Rust-Oleum 769 Damp-Proof 
Red Primer — they provide the maximum in lasting beauty 
on tanks, pipes, towers, girders, equipment, machinery, stacks, 
metal fences, sash, boilers, and other rustable metal. The 
Rust-Oleum distributor listed below maintains complete 
Rust-Oleum stocks for prompt delivery to you. He welcomes 
the opportunity to tell you about Rust-Oleum and will be 
happy to provide you with a complete Rust-Oleum Color 
Catalog and a free test sample. Ask him for a demonstration 
on your own rusty metal. 


Rust-Oleum saves rusty tanks, metal sash, metal fences, fire escapes, boilers, pipes and fittings, equipment, etc 


Proved for over 35 years and manufactured in accordance with the famous RUST-OLEUM exclusive formula in the United States of America by 


RUST-OLEUM CORPORATION, 2433 Oakton Street, Evanston, Illinois 


® FOR A COMPLETE CATALOG AND FREE TEST 
SAMPLE ATTACH COUPON TO YOUR LETTER- 
HEAD AND MAIL TO RUST-OLEUM DISTRIBUTOR 
* lb | s SHOWN AT LEFT! 


Broad Street House 
164 High Holborn 


London, W.C.1 


Gentiemen: Please send me the following at no cost 
or obligation 


Complete Catalog with actual color charts in 
language | have checked { } French, { } Ger 
mon, ( ) Italian, ( ) English 

Free test somple of 769 Damp-Proof Red Primer 
to apply over sound rusted metal 

Piease hove your representative call to give me 
a Rust-Oleum demonstration 


Finish Color desired in FREE TEST SAMPLE — 
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DEMAG 


FOR INDUSTRIAL EQUIPMENT 


DEMAG, with its 140 years of experience as supplier 
to industry, makes available its services to all 
continents for the solution of large-scale technical 
problems. So far, complete equipment for more 
than 2000 rolling mills has left DEMAG’s work- 
shops — convincing evidence of the Company's 
productive capacity. 


The picture shows the broad flange beam mill re- 
cently put into operation at a German iron and steel 
works. This mill is also used to manufacture new 
“European-type straight flange beams” (IPE sections). 


DEMAG DUISBURG CERMANY 


For U.K. represented by: 
RYMAG LTD., 101, Leadenhall Street, London E.C. 3 











Serving Industry everywhere! 


DIESEL CRANES 














Smith Diese! and 
Diesel-Electric locomotive 
and shunting cranes 

serve many industries, 
particularly engineering 

and steelworks, docks and 
railways, stockyards, etc. 
Photograph at right 

shows a Smith 3-ton Diesel 
shunting crane engaged 

on stacking duties at a large 
paper mill in Lincolnshire. 
Using a 50 ft. cranked 

jib, it lifts 3 tons at 22 ft. 
radius. The very fast 
hoisting speed (200 f.p.m.) 
is ideal for this 
class of work. 








qeHomas SMITH & SONS (RODLEY) LTD 


Crane and Excavator Works - Rodiey - Leeds - Engiand 


¥ 
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12” Mill as supplied to Swinden Laboratories, 
Rotherham, and published by courtesy of The 
United Steel Companies Ltd. 


Ingot Transfer Car for conveying 4,5 
ton Ingots. 








We design and manufacture : 
Equipment for Coke Ovens, Blast Furnaces and Open Hearth Plant. 
Rolling Mills for the Ferrous and Non-Ferrous Industries and 


Rolling Mill auxiliaries. 
Plate Work. Bogies of all kinds for carrying light or heavy loads. 
General Engineering work of various kinds. 


We shall be glad to quote against your requirements and specifications 


B. THORNTON LIMITED 


Turnbridge, Huddersfield. Phone. Huddersfield 7541 
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BROWN BAYLEY 
STEELS LIMITED BaOWi 


BAYLEY. 
SHEFFIELD 
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GUT COOLING COSTS... 


by calmly and coolly approaching VISCO with all your water cooling 
problems. We will help you to cool from 100,000 gallons hourly and 
downwards. VISCO experience and installations covers plant large 
and small— it is yours for the asking. Our brochure * VISCO WATER 
COOLING’ may help you in the first instance, but it will pay you to 
consult THE VISCO ENGINEERING CO. LTD., STAFFORD 
ROAD, CROYDON. Telephone: CROYDON 4181. 


VISCO 
1 Wate: Cooting 
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ADVERTISEMENT 
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THIS IS _...... BD 





1... AN EXTENSION 
TO THE LONDON 
UNDERGROUND 


2... THE BUSTLE 
MAIN OF A 
BLAST FURNACE 


3... THE INLET 
PIPE OF A 
HYDRO-ELECTRIC 
POWER STATION 





Number two is the answer. It is in fact the bustle-main of the Queen Victoria blast furnace 
at Appleby-Frodingham in course of being lined with Tri-Mor ‘Guncrete’. 
The main is § ft. in diameter and the ‘Guncrete’ lining 9” thick. This is a far 
quicker and cheaper form of lining for a hot-gas main than brickwork. After twelve 
months continuous service this lining is still in perfect condition. Brick-lined mains 
usually require considerable repair after this period. 


Tri-Mor ‘Guncrete’ is one of a series of new 





mouldable and castable refractories which 


are reducing first costs and maintenance TRI-MOR Standard Castable 

costs in every kind of furnace from forging TRI-MOR High Strength Castable 
furnaces to ships’ boilers. The most useful TRI-MOR High Temperature Castable 
of these refractories are: - ---------- + TRI-MOR High Temperature Mouldable 


TRI-MOR Dense ‘ Guncrete’ 
TRI-MOR Insulating Castable 
TRI-MOR Insulating ‘ Guncrete’ 














MORGAN 


e f ractories L t fe) MORGAN REFRACTORIES LIMITED, NESTON, WIRRAL, 
CHESHIRE. TELEPHONE: NESTON 1406 








NE 144A 
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Electrical Aids in Industry 


Resistance Heating -2 


Electric resistance heating elements have been 
briefly described in Data Sheet No. 4, with two 
examples of their application in industry. This 
sheet lists some of the further applications 
which can be effectively dealt with by resistance 
heating. 

Soft Metal Melting 

Electric resistance melting is most commonly used 


for lead, tin, zinc, antimony, aluminium and their 
alloys—in processes such as tinning, type-casting, 


die-casting and lining bearings—at temperatures of 


up to around 800°C. 


In most cases, sheathed 
elements are immersed directly 
in the metal, a more efficient 
method than applying heat to 
the outside of the containing 
vessel or pot. Immersion heat- 
ing simplifies the application of 
lagging to the outside of the vessel, reducing heat 
losses and current consumption to a minimum. The 
elements are usually positioned near the inside wall 
of the vessel, leaving plenty of working space, but in 
a few cases, where the full volume of the pot is 
required, or where the metal to be melted is particu- 
larly corrosive, the elements are positioned outside 
the pot, often in contact with it. 


WSSQSSS 
SSS 


> 


SS 


In all cases, the precise 
temperature control that is so 
essential in soft metal processes 
is readily achieved by the use 
of electricity, and electric heat- 
ing also leads to a reduction 
of casting rejects and metal wastage and a marked 
improvement in working conditions. 


YU MMV; 


Liquid Heating 


Electricity provides the ideal way of heating liquids 
such as water, oils, varnishes, plating, photographic 
and other solutions, and of melting and heating 
waxes and compounds, glues 

and pastes, tars and bitumen. 

Again, immersion heating is the 

method most commonly em- 

ployed, but considerations of 

space or the nature of the liquid 

may sometimes necessitate the 

use of external heaters. Several 

types of devices are available 

to give precise and automatic 

temperature control, and lagging 

is again commonly applied to the vessel to minimise 
heat losses. 

Fire hazards associated with inflammable liquids 
are invariably reduced by electric heating, particu- 
larly if immersion heaters can be used. 

It is usually possible without difficulty to apply 
electric heaters, either immersion or external, to 
existing vessels. 


7 


Data Sheet No. 5 


Platen, Press and Roll Heating 


Electricity offers the simplest and most convenient 
method of heating platens, dies and rolls. It gives the 
precise temperature-control characteristic of electric 
heating systems, with lower maintenance costs. 
Moreover, the relatively high temperatures required 
in some processes for maximum working speeds 
are reached without difficulty. Flexible 
J electrical connections to moving parts 
y- give far less trouble than flexible pipe 
connections carrying hot water or steam. 
When electric heating is used, one | | 
or more presses can be operated ->— ] 
without the necessity of keeping a seid 
boilerhouse staff at work. (a 


Air Heating 


Streams of air, and of many other gases, can be 
heated most efficiently by electric resistance ele- 
ments disposed across the duct leading to or from a 
fan. Heat is generated only inside the duct, just 
where it is required, and none is carried away 
through exhaust flues or 
pipes. Quick rise of tem- 
perature and precise tem- 
perature control are assured 
when electric resistance air 
heaters are used. 


ea) = 
<— 
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Electric Steam Boilers and Steam Raising 


When steam is essential to a process, electrical 
steam raising can often be fully justified on economic 
grounds. 

The means employed for bringing steam from a 
boilerhouse to the point of usage are often extremely 
wasteful, but where electricity is used the steam can 
be generated on the spot and losses from steam mains 
are eliminated. The efficiency of the electric boiler 
normally exceeds 96°, and is practic- 
ally constant at all loads, while the 
rapidity with which steam can be raised 
very largely eliminates banking losses. 

Plant requiring process steam can be 
equipped with its own electric steam 
boiler, freeing the working space of 
steam mains just as individual electric 
motor drives free the factory of masses 
of shafting and belt drives. 








Even where boilerhouse steam is still used, it is 
sometimes desirable for best results to boost the 
steam temperatures at the point of usage, to make up 
for transmission heat losses or to increase the 
superheat, and this function can most conveniently 
be performed by an electric resistance heater inserted 
in the steam line. 


For further information get in touch with your 
Electricity Board or write direct to the Electrical 
Development Association, 2 Savoy Hill, W.C.2. 
Telephone: TEMple Bar 9434. 

Excellent reference books on electricity and pro- 
ductivity (8 6 each, or 9 - post free) are available - 
‘“ Resistance Heating ”’ is an example; “ Induction 
and Dielectric Heating ”’ is another. 

E.D.A. also have available on free loan a series 
of films on the industrial use of electricity. Ask for 
a catalogue. 
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Compressing Plant 


When calling for tenders 





consider this experience. 
These are some of the 
achievements of the A.E.I. companies. 





FIRST to install a centrifugal gas 
booster in this country. 


















FIRST centrifugal compressors for 
pneumatic stowing. 


FIRST centrifugal compressors in 
this country for use in the atomic 
energy field. 


FIRST to design and build large 
compressors for Freon refrigeration. 


FIRST high-frequency geothermal 
gas exhausters. 


FIRST jet propulsion engines in the 
world (these incorporated centri- 
fugal compressors). Makers also of 
largest centrifugal compressors for 
a gas turbine. 





RL SS PG II TI BRS 





For information on any compressing 

plant problems telephone 
COMPRESSORS, BLOWERS, RUGBY 2121 ext. 363 
BOOSTERS, EXHAUSTERS, 


SUPERCHARGERS. 





Publication G12131 will be sent on request 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


HEAVY PLANT DIVISION RUGBY & MANCHESTER, ENGLAND 
A5339 
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Ilustration by kind permission of The English Steel Corporation Ltd 


FOR THE HEAVY STEEL INDUSTRY 


This furnace was recently installed for general heat treatment purposes. It is fired by 
clean cold producer gas and fitted with primary and secondary burners to ensure a 
maximum temperature variation throughout the chamber of or 5°C over the full 
range of 250 to 1100°C. Instrumentation includes automatic control of furnace tempera- 
ture, pressure air/gas ratio and initial gas pressure. Also automatic air and gas reversal 
on a variable time control basis. 


.WINCOTT 


G.P. WINCOTT LIMITE D\@ee 
Telegrams: WINCOTT, SHEFFIELD. 
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— You know this job calls for a —"\ 
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A job that calls for a special steel ? including stainless and tool steels, 
Then call in Willans, the specialists. and steels for nuclear energy equipment. 
With their air-melting electric furn- All are made under strict standards 
aces and modern high-vacuum melting of metallurgical control. For quick 
equipment, they can produce up to 250 deliveries of all ‘specials’ in steels, 
tons of special quality steels per month, call in Willans at once ! 


| Approved A.I.D., D.1. Arm. A.R.B. ) 
G. L. WILLAN LTD Steel and Alloy Manufacturers 


SUSSEX STREET + SHEFFIELD 4 * TELEPHONE: 2421] 
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Ladle Cranes 





Stripping Cranes 


Soaking Pit & 


Cranes 


Charging | | Mm aga 






Machines 
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THE BRIGHTSIDE 


G.P.0. BOX 118. 
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NE W 
‘ACHESON’ 


TRADE MARK 


J 0 I N T E D 16", 14” and 12” diameter ‘‘Acheson”’ 
Graphite Electrodes with taper jointing 
have now been introduced to join the well 

a L E C T b 0 p i. % established 20° taper jointed electrodes. 


The new 16° diameter electrode has a 

nipple with a major diameter 8}" and 

N 0 W ; length 12”. This means a thicker socket 
wall all round in addition to the extra 

protection and life given to the socket 


by the 1 in 6 taper. The new 14” diameter 
A A taper electrode also gives a_ thicker 


socket wall and is machined to take a 
nipple 8" at the major diameter and 10° 
long. Similarly the new 12” taper elec- 
trode is machined for a nipple 7” maxi- 
mum diameter and 83" long. 


For maximum security and tightness of 
joints the threading of nipple and socket 
is four threads per inch machined to fine 
tolerances to ensure perfect matching of 
tapers. 





Full information about these three 
important additions to the 
“‘Acheson’’ range can be obtained 
from British Acheson Electrodes 
Limited, Wincobank, Sheffield 
(Tel: Rotherham 4836). 


ACHESON 


TRADE MARK 


GRAPHITE ELECTRODES 


The term ‘ACHESON’ is a registered trade mark 
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HEMISPHERES for universal drives 





















WARNER 
KEEN ED 


GAURIBON SION G 
PIG URKON 


for Roll Making 
and Steel Manufacture 











8 Clean Machine Cast Pigs 
& Equal to the best Swedish Grades 
e High Carbon and very low 


Sulphur and Phosphorous contents. 


® Prompt delivery 





“Pioneers of Refined Pig Iron 


WARNER & CO. LTD., MIDDLESBROUGH 
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CROFTS POWERGRIP 
TIMING BELT DRIVES 


PowerGrip 

drives up to 

64 h.p. 

supplied from stock, 
up to 1000 h.p. 
available 


to order 


AVAILABLE EX-STOCK 


GEAR TRAIN PRECISION FROM 
A BELT DRIVE 


No slip, no power loss. 


Accurate timing of synchronised 
drives. 


No maintenance, no_ tensioning 
devices, no lubrication. 


Almost 100°, mechanical efficiency. 


Simple to install using Crofts 
Patent Taper Flushbushes. 


GROFTS (ENGINEERS) LID 


POWER TRANSMISSION ENGINEERS 


THORNBURY, BRADFORD 3, YORKSHIRE 
Phone: 65251 (20 lines) Grams: ‘Crofters Bradford Telex’ Telex 51186 


BELFAST 


ARDIFF DUBLIN 3LASGOV 
BRANCHES AT ipswicH . EDS . VERPOO LONDON 
MANCHESTER NEWCASTLE NORTHAMPTON 
TOKE-ON-TRENT 


Subsidiary Companies in Canada, South Af d U.S.A Worldwide Representation 











OUGHTIBRIDGE 
Te Basic Bricks 


for LASTING POWER at LESS GOST 


The latest type of Tunnel Kiln iit an 
° ° ° Basic Bricks new methods of 
produces higher quality bricks  wisviscture sve coneants 


being introduced to cut 
production costs without 
sacrificing furnace perform- 
ance. The latest Oughtibridge 
development is the instal- 
lation of the newest type of 
Tunnel Kiln for continuous 
production under controlled 
temperature conditions. 









OUGHTIBRIDGE BASIC BRICKS for OPEN HEARTH 
and ELECTRIC FURNACES — UNFIRED CHROME-MAG BRICKS 
SILICA BRICKS - MAGNESITE BRICKS - FIRED CHROME- 
MAGNESITE BRICKS : METALKASE MAGNESITE BRICKS 
SILCRETE BRICKS 





In addition to the basic refractories 
mentioned above there is a wide 


( ‘ | i ; | if | ‘| | 4 | > | i Ti ‘s. range of Basic Cements, details of 
y 1 pis which we shall be glad to supply 


on request 


SILICA FIREBRICK COMPANY LTD 


STEETLEY ORGANIZATION 


OUGHTIBRIDGE or SHEFFIELD 
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180 ton 
hot-metal ladle car 


This hot-metal ladle car has been manufactured by 
Head Wrightson Teesdale Limited, under licence from 
the International Construction Company, London, for 


use by The Steel Company of Wales Ltd., and is by far 





the largest of its kind in this country. 


As will be seen from the illustrations, the load is 
carried by four 4-wheel bogies and all the axles run in 


Timken tapered-roller-bearing axleboxes. 


TO IMIIX TEIN 


TAPERED-ROLLER BEARINGS MADE IN ENGLAND BY 


BRITISH TIMKEN 


LIMITED 
DUSTON, NORTHAMPTON (HEAD OFFICE) 
AND DAVENTRY, NORTHANTS 























- 


FAM Pp ulilaps 





lilustration shows a 15” and 37° x 60° Reversing Four-high Cold Rolling Mill 
for soft, and alloy steel strip up to 50” wide. Maximum rolling speed |,200ft. min. 


Photograph by courtesy of Messrs. Richard Thomas & Baldwins Ltd 











W. H. A. ROBERTSON & CO. LTD., BEDFORD, ENGLAND 


FOR al: UILDING OF SENDZIMIR COLD REDUCTION MILLS & PLANETARY HOT MILLS 
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Choose your 
equipment from this 
new comprehensive range 


Kelvin Hughes ultrasonic flaw detection instruments 
and probes are available for all manual, semi- 
automatic and automatic testing techniques. High 
performance and versatility are obtainable with this 
comprehensive range of competitively priced equip- 
ment designed for laboratory work as well as 
routine inspection schedules. Auxiliary units include 
Automatic Flaw Alarms, Depth Gauges, Probe 
Holders and Manipulators. 


ULTRASONIC 

KEP FLAW DETECTOR Mk. 6 
This powerful, versatile instrument has an exceptionally wide 
operating frequency range, and a variety of controls enabling 
particular methods of tests to be devised. The trolley mounted 
display and control units are readily adjustable to the most 
convenient position. A brilliant trace is given over the full 
width of a 6 in. C.R.T. Operates with single, twin or separate 
probes for contact, gap or immersion scanning. Automatic 
flaw alarm circuits, depth gauge and photographic recording 
facilities can be added 





























Flaw Detectors Marks 5F, SAF. Flaw Detector Mark 6. Tro//e\ Iwo Channel Flaw Probes. Extensive development 
Portable instruments with similar mounted transportable equip- Alarm. For use with Mark by Kelvin Hughes has resulted 
hasic specifications. The 5F is a ment, very powerful and versa- 5 instruments, a portable in a range of standard probes 
multi-frequency instrument for use tile for use with all tvpes of auxiliary unit providing havine either single, twin or 
with twin or separate tvpe probes, probes and having an exception- senu-automatt monitor- separate transducers, and a 
whilst the SAF, a single frequency ally wide frequency range and ing facilities which identifi ery high performance through 
instrument, either 14, 24 or 5 Mc/s. high sensitivity and give warning of signi out 

1/so operates with single tvpe probes ficant defects 


(Shown with Depth Gauge attach- 


ment). 
Includes a Depth Gauge for use with all instruments and KELVIN & HUGHES (INDUSTRIAL) LIMITED 


which will measure thicknesses between 0.1 to 4 ins. with an Kelvin House, Wembley Park Drive, Wembley, Middlesex 
accuracy of 0.75°,, Probe Holders with irrigation facilities ‘ 


for large surface scanning, and remote Probe Manipulators 60-72 Kelvin Avenue, Hillington, Glasgow, SW2 


AUXILIARY EQUIPMENT 
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HOT ROLLED STEEL BARS 


Round « Square « Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED _ 
STEEL STRIP ane ema 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 


Phone: 6540! (P.B.X.) NEWPORT MON Grams: Whitehead Newport 





LONDON OFFICE BIRMINGHAM OFFICE GLASGCW OFFICE MANCHESTER OFFICE 
STEEL HOUSE, KING EDWARD HOUSE, 50 WELLINGTON STREET, CHRONICLE BUILDINGS, 
TOTHILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 
Telegrams: Telegrams Telegrams: Telegrams: 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 
Telephone : Telephone: Telephone: Telephone 
WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 1603-4 
56 JOURNAL OF THE !RON AND STEEL INSTITUTE 















every 
year 
this 
tippler 
feeds 


over 
3 million 


tons 
of iron ore 
to 7i miles of belt conveyors 


at the Seraphim plant of 






the Appleby-Frodingham 


= ae 





meme §=Company 
ee ; 
Branch of the United Steel 
Companies Limited 


This complete ore-handling plant was commissioned 
in 1954 and is typical of many materials handling 


systems which have been installed all over the world. 


DESIGNERS AND MANUFACTURERS OF COMPLETE MATERIALS HANDLING PLANT 





Fraser & Chalmers Engineering Works : Erith: Kent - England 
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ALBION WORKS - SHEFFIELD: Phone: 26311 (22 lines) 
. b a I PHONE: 


BRETTENHAM HOUSE, LANCASTER PLACE. STRAND, W.C.2 


THOS. W. WARD LTD 


LONDON OFFICE 
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GOR-TEN 1S STILL NEWS 


In 1954, for the first time in Britain ona 
wide continuous strip mill, The Steel 
Company of Wales began the manufac- 
ture of scw Cor-Ten 

Today, tive years later, the range of 
application for scw Cor-Ten continues 
to grow as more designers and more 





users discover new wavs in which they 
can take advantage of its outstanding 
properties Photograph by courtecy of Cater 


r A + 
- ¥ « all 4 : ‘ _*: mer. 
4 owe Ss = - 7 of =~ 


Wherever higher strength or greater resistance to atmospheric corro- 


COR-TEN IS TOUGHER sion offer economic advantages, SC w Cor-Ten has heen used. Where 


‘ corrosion and abrasion are both present (as in the case above) SC Ww 
@ Weight for weight, the yield strength Cor-Ten’s outstanding advantages are particularly effective 


of scw Cor-Ten is 50°,, higher than 


ordinary mild steel 











alternatively 
Strength for strength, a saving of 4 
of the weight is possible 

@ 4-6 times more resistant to atmo- 
spheric corrosion 





@ Highly resistant to abrasion and 
fatigue. 


COR-TEN SAVES MONEY 
od 


Initial costs are spread over a longer 


service life 


@ Maintenance costs are reduced 4 
@ Operating costs are lowered—in 
transport applications payloads are Vy \>) 
bigger because of reduction in tare 
= RAILWAY ROLLING STOCK 
weight 


1GRICULIT URAL AND EARTH-MOVING EQUIPMENT 


Ihe , > > T 
Please write to us at the address below for MINE CARS - POWER STATION INSTALLATIONS 
further information or for technical assist- 

c BARGES AND SMALL CRAFT 
ance in the application of SC w Cor-Ten to 
vour products 


THE STEEL COMPANY OF WALES LOMUTED 


ABBEY WORKS, PORT TALBOT, GLAMORGAN TELEPHONE: PORT TALBOT 3161 
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Circular, rectangular and 
bi-polar magnets are part 


of the wide range of 


electric magnets made by 


sats Cassels) a-0ae Oi lclein elem Oleme binee 
Please ask for Technical 


Descriptions Nos. 315 & 379. 


GEC Witton-Kramer lifting magnets 


THE GENERAL ELECTRIC COMPANY LIMITED 
MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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OVER 300 CARS IN OPERATION 


IN VARIOUS PARTS OF THE WORLD 





MIXER CARS 


HOT METAL LADLE CARS 


@ HOT METAL MIXER CARS FOR THE SAFE AND 
ECONOMICAL TRANSPORT OF MOLTEN METAL 


@ LARGEST CAPACITY CARS ARE WITHIN STANDARD 
RAILWAY LOADING GAUGE 


@ HOT METAL CAN BE RETAINED IN_ PERFECT 


OTHER SPECIALITIES 
MORGAN GAS MACHINES - SOAKING 


CONDITION FOR HOURS PITS (Isley Controlled) - MILL FURNACES 
CAPACITIES FROM 75 TO 160 TONS TYPHOON ROTARY FLAME GAS 
@ MINIMUM OF SKULL AND SCRAP LOSSES we ° Seren 
NASSHEVUER CONTINUOUS BRIGHT 

@ MAXIMUM LIFE OF BRICKLINING PER TON OF 


ANNEALING F A Sole Li 
HOT METAL NNEALING FURNACES (Sole Licensees) 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 


(Successors to Julian Kennedy, Sahlin & Co., Ltd.) 


56 KINGSWAY - LONDON - W.C.2 
Telephone: HOLBORN 1871-2 Telegrams: SAHLIN, WESTCENT 2 LONDON 
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Pressed brick being 
litted from the die 


PRESSING PROBLEM SOLVED 


Pickford Holland install the latest hydraulic presses 
for standard and special shapes 


Refractory bricks today must be ab- 
solutely accurate in size and shape. 
These qualities, combined with unerring 
consistency in texture and performance 
are achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control of 


the various processes is strictly observed, 
and the finished bricks are carefully 
inspected and tested before being des- 
patched to the consumer. 

More and more Pickford Holland re- 
fractory bricks are being supplied to steel 
and other industries throughout the 
world and the demand still grows. This 
surely points to the success of this policy 
of plant modernisation and is a tribute 
to the lasting service that these bricks 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size, Shape, Texture and Performance 


PICKFORD HOLLAND & CO, LTD., 381 FULWOOD ROAD, SHEFFIELD 10. TELEPHONE: 


June, 1959 











STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 





FINE SILICA CEMENT FOR 
“SETTING SILICA BRICK 


STIGNIC CEMENT FOR BASIC 


STEEL LADLES 
KILN CAPACITY OVER 


li MILLION BRICKS ” 
SPECIAL FIRE CEMENTS for all 
purposes 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


< REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 





Stephens SILICA BRICK CO., LTD. 
KIDWELLY 


Telegrams:--STEPHENS, KIDWELLY, Codes: ABC 4th & Sth Editions 


Liebers & Marconi 
Telephone: -KIDWELLY No. | 
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GRIFFIN BRAND 


4 STEEL SHEETS 


Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets 
Black, Galvanised, Flat and Corrugated. 


We make the widest Steel Sheets and 
have the largest general Galvanizing 
Plant in Great Britain. 


Metal Spraying by the most up-to-date 
methods done in our works or ‘in situ’. 


Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal, etc. 





179 WEST GEORGE STREET, 


GLASGOW, C.2 


Tel. : CENtral 0442 ‘Grams: CIVILITY, Glasgow 
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RAL a oa 7 LSM 
WIRE RODS | rot 


OTHER 
IN ALL QUALITIES PRODUCTS 


BASIC PIG IRON 


TUBE STEEL 


CHANNELS TEES squans 


SASH AND GLAZING 
SECTIONS 





HAMMER-LOCK 
STRUTS 


FLATS ROUNDS einen 


BY-PRODUCTS 
IRON, STEEL 


AND NON-FERROUS 
CASTINGS 


HOT be COLD CONCRETE FLAGS 
ROLLED HOOPS — 


CABLE TAPE el 
LANCASHIRE STEEL MANUFACTURING COMPANY 


LIMITED 


(HEAD OFFICE:) 
Telephone: ee A R Ke Pa G T oO fe Telegrams: 
31222 LANCASTEEL 
WORKS: IRLAM & WARRINGTON 
London Office: KINNAIRD HOUSE, PALL MALL EAST, S.W.1 * Telephone: WHITEHALLT7SI5 * Telegrams: LANCASTEEL,LESQUARE, LONDON 
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BAIRDS 
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37 OVENS 
gree P 





APPLEBY- VANDERBIJL 
| FRODINGHAM PARK 
SECOND THIRD 
| INSTALLATION INSTALLATION 
| 66 OVENS 55 OVENS 
| Oar 1929 CORBY-DEENE 
} GLASSHOUGHTON FIRST 
| eLRST INSTALLATION 
INSTALLA 51 OVENS 
| 42 OVENS 
| Cparatrg fov LYSAGHT 
| FIFTH 
} 1958 INSTALLATION 
MURTON 23 OVENS 
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| 50 OVENS PRETORIA 
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INSTALLATION 


| 0 porctng 51 OVENS 
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NEW coking plants 
under construction 








Now nearing completion, the battery of 37 W-D Becker 
Combination Gas Gun Coke Ovens which comprise 

the second installation at the Gartsherrie lron Works 
of Bairds & Scottish Steel Limited. 

The new ovens will carbonise some 766 tons of coal 

per day, and the installation includes a crude benzole 
recovery plant, extensions to the coal handling, 
by-product recovery and steam raising plants, 

gas boosting equipment, and a benzole rectification plant 
to serve both the first and second coking installations. 


WOODALL— DUCKHAM 


Construction Company Ltd. 


Woodall-Duckham House, 63-77 Brompton Road, London, $.W.3 
Tel: KENsington 6355 (14 lines) Grams: Retortical (Southkens) London 
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STEEL MILLS 
FOR THE WORLD 
BY DAVY-UNITED 


An integrated iron and steel works in India, two new plate mill plants in the North 

of England, a strip mill in Australia, a 6,000 ton forging press in France, a stainless 

strip plant in Sweden - and now the world’s latest hot strip plant - these are some of the 
recent contracts on which Davy-United engineers have been working. Davy-United 

are organised to design and build steel melting, rolling, forging and processing equipment 
right up to complete steelworks. The scope of their operations covers the world. 


DAVY AND UNITED ENGINEERING COMPANY LIMITED, SHEFFIELD. MIDDLESBROUGH. GLASGOW 
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W. BARR, O.B.E., A.R.C.S.T., F.1.M. 


WILLIAM BARR Was born at Larkhall, | wnarkshire ble Was educated 
at the Hamilton Academy and the Roval College of Science and Technology, 


Glasgow , where he gained the diploma nn metallurgy in rgr2a, and the 


Associate ship of the college in the following Veal 


In the First World War, Mr Barr served in th Special Brigade, Royal 
Engineers, and was mentioned in despatches \fter completing his academic 
training he joined the staff of Messrs David Colville and Sons [td in 192? 
as a metallurgist. In 1936, after the formation of Colvilles Ltd, he became 
chief metallurgist of the Company, and was appointed a special director in 
1947 and a director in 1964. He was appointed a director of the Fulwood 


Foundry in 1945 and chairman in 19¢7 In the same vear he was awarded 


the O.B.F. 


During his long association with Colvilles, Mr Barr has contributed 
articles and technical pap rs to Numerous societies, his activities be ne specially 


devoted to researches on creep, brittle fracture of mild steel, ind the deve lop 


ment of low-alloy high-tensile structural steels and stainless-clad steels. In 
the Second World War he was a pioneer in the development and production 
of armour and bullet-proof plates by the basic open-hearth process He was 
a member of the British Mission which visited the USA in 1943 in connection 


with the conservation of alloys in steel production 


Mr Barr's specialized know ledg« rf lov steels and welding has been 
recognized by his service on many technical committees \mong those on 
which he is currently serving are the Research Board of BWRA, the Heavy 
Steel Makers’ Fechnical Committee, the BISRA Metallurgy Panel, and the 


Fechnical Committee of Lloyd’s Register of Shipping 


Mr Barr is a Founder Fellow and Past President of the Institution of 
Metallurgists, a Past President of the West of Scotland Iron and Steel Institute, 
and Chairman in Scotland of the Joint Committee for National Certificates in 
Metallurgy. He has been a member of The Iron and Steel Institute since 1926, 
a Member of Council since 1948, and Honorary Treasurer from 1963 to 1969, 
when he was succeeded by Sir Julian Pode Mr Barr has been elected President 


ot the Institute for 1949-1960 
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Progress in the development 
and application of steel plates 
By W. Barr, O.B.E., A.R.T.C., F.1.M. 


Throughout my career as a metallurgist, | have worked in close proximity to plate 
mills, and have thus been privileged to participate in some most interesting metallur- 
gical developments in the field of industrial endeavour wherein plates are playing an 
ever more prominent part. It is my purpose here to review some of the factors that 
have influenced these developments and to indicate general trends. 

My treatment of the subject is influenced to some extent by current events in our 
great industry, which, after many years of intense activity. now finds itself with 
capacity to spare. At such a time, the emphasis is on sales, especially for export, 
in the face of keen competition in a rapidly changing world. As occasion arises, | 
shall therefore refer to certain aspects of our steel specifications that fall short of the 
requirements of foreign customers who are no longer inclined to buy our steel because 
it is British, but who are influenced largely by the technical data made available 


by the salesman. 


An obvious essential, which applies just as much to 
our existing standard steels as to the newly developed 
steels, is the availability of adequate technical data 
that are up-to-date, and here I think we have been 
at fault in the infrequent revision of our British 
Standard steel specifications. National standards 
of our main competitors, on the other hand, are in 
most cases revised at frequent intervals. Even 
though there is no substantial change made in the 
revision, the effect of the date of a specification on the 
mind of the buyer is obvious. In this respect, | am 
glad to note that over the last few years we have 
become much more active, as is evidenced by our 
lively participation on the various committees of the 
International Standards Organisation. The import- 
ance of this work cannot be too highly stressed. 

In the past, when revising our steel specifications, 
our outlook, in my opinion, has been too insular, 
and when the revised drafts have been submitted to 
industry for comment and approval, we have been 
inclined to look at them against the background of 
our own mills and melting shops and price schedules. 
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To maintain our position in overseas markets today, 
we must widen our horizon, and each specification 
should be critically examined in the light of speci- 
fications for comparable steels of other countries, 
ensure that when our salesmen venture 
beyond our shores they have available all the necessary 
data to meet the requirements of the potential custo 
mer. 

Another important and very relevant point that 
I propose to discuss refers to certain aspects of out 
engineering design codes which have a direct bearing 
on the data contained in some of our steel specifica- 
tions for pressure vessels, a subject in which I am 
particularly interested 

Apart from developments relating to special steels, 
there is little doubt, at least among steelmakers, about 
the repercussions of modern fabrication techniques 
such as gas cutting and welding on the day-to-day 
production of even the more ordinary types of plates. 

Gas cutting will often disclose minor laminations 
or clusters of slag inclusions which were often not 
visible on the sheared edge. More often than not, 


so as to 
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Fig. 1--Relationship between Charpy V-notch energy 


and temperature 


such minor defects were of no practical significance 
with riveted construction, but their presence at the 
edge of a plate intended for welding may be a source 
of trouble, sometimes leading to the rejection of the 
plate, especially in the case of pressure vessels made 
to Class I standards subjected to X-ray examination. 

In spite of statements sometimes made to the 
contrary, it is my opinion that the gradual introduc- 
tion of the new fabricating techniques referred to has 
been matched by a gradual improvement in steel 
quality. In other words, plates produced in this 
country today are cleaner and more free from lamina- 
tions than they were in the ‘good old days’. In 
this connection, it should be borne in mind that the 
average thickness of plates in demand has simul- 
taneously increased, and it is well known that defects 
of the type mentioned are more difficult to avoid in 
the heavier plates. 

It is nevertheless appreciated that the fabricator 
is being called upon to meet standards of inspection 
that increasing progressively. This, in turn, 
demands more stringent inspection of material at the 
Apart from the examination of plate 
edges, preferably in the gas-cut state for plates over, 
say, 1} in. thick, the only available method for the 
routine assessment of the general internal soundness of 
the steel has been the examination of the fractures 
with the orthodox types of test-pieces — tensile, nick 
bends, etc. — and test-house managers are well aware 
of how closely these are scrutinized today. Within 
recent years, however, there has been introduced a 
new type of non-destructive test, by means of which 
the internal soundness of the metal can be more fully 
explored. 


are 


steelworks. 


rhe ultrasonic test 

The ultrasonic test, as its name implies, depends 
on the reflection of high-frequency or ultrasonic 
waves for the detection of hidden defects in a metal 
It is particularly applicable to the detection of lami- 
nations in plates. Owing to the nature of the test, 
a very considerable background of experience is re- 
quired to formulate standards for the various levels 
of quality to meet the requirements of different users. 
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Indeed are the applications to which steel 
is put, that at the present time it would be impracti: 
able if not formulate universally 
applicable standards for the ultrasonic test. How 
ever, since this testing method is being applied by our 
foreign competitors, it is important that ultrasoni 
testing be accepted in principle by steel suppliers in 
this country. It is suggested that a realistic approach 
to this problem is to formulate only a basic standard 
which would establish the principle of 
testing and which would ensure the elimination of such 
internal defects as have proved troublesome to the 
average user in the past. The problem of supplying 
materials for special purposes such as atomic reactors 
chemical plant, etc. can best be solved, in my opinion 
by negotiation between the steel supplier and thi 
other parties involved. 

It is gratifying to note that the matter is being 
urgently pursued by our Heavy Steel Makers Technica! 
Committee. Experience in the application of the 
test emphasizes the necessity for properly trained 
operators and experts with experience to interpret 
the results obtained. These factors had to be clearly 
recognized before the test could be regarded favourably 
for acceptance purposes. 

Apart from the problem of acceptance 
outlined above, there is every reason to believe that 
the installation of equipment for tests of this type at 
the rolling mills, suitably located and mechanized to 
minimize handling costs, will be a definite 
quality control. 


so diverse 


impossible, to 


ultrasoni 


tests as 


asset for 


Notch ductile steels 
Under this heading, British steelmakers can rightly 
claim to hold a leading position in the development 
of improved steels. As a preface to the discussio 
on the subject, it is as well to be reminded that the 
economy of the steel industry in this 
the USA, is based essentially on the bulk produc tion 
of semi-killed or balanced basic open-hearth mild stee! 
This material, supplied to B.8.15 (28-33 tons tensile 
or other similar specifications, has been used in the 
form of plates for ships’ hulls, oil storage tanks, and 
a host of other structural purposes. As produced it 
this country, with a typical content of about 0-18° 
carbon and 0-5°%, 
rolled condition satisfactorily met the tensile require- 
ments with adequate ductility as 
orthodox percentage elongation. many years 
this material gave an excellent itself in 
service and was accepted without question for all 
types of structure. With the introduction of welding 
in place of riveting, however, certain alarming inci- 
dents occurred which undermined this confidence. 
The much publicized incidence of brittle fracture 
in certain welded structures, including the catastrophic 
failure of a number of ships built in the USA under 
emergency wartime conditions, was the prelude to a 
vast amount of exploratory and research work on the 
mechanical properties of mild steel. The fact that 
there have been only three serious cases of brittle 
fracture in welded structures in this country, includ- 
ing one ship and two oil storage tanks, may be re- 
garded as a tribute to British steel and workmanship. 
Nevertheless, we have been by no means complacent 


country, as i 
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in the matter, and some of our more notable contri- 
butions will be referred to later. In the world 
rush to investigate this problem, discoveries were 
claimed, which were merely confirmation of a long- 
established fact, that the percentage elongation in the 
tensile test is quite inadequate, in certain conditions 
of service, as a criterion of ductility. It was, of course, 
the recognition of this fact that led to the introduc- 
tion, in the early years of the century, of the notched- 
bar impact test such as that devised by Izod in this 
country and Charpy in France. Unfortunately, the 
practical significance of the test had seldom been 
properly appreciated, and there was much confusion 
because of the scatter to which this test is peculiarly 
prone, a feature that was accentuated by the lack of 
proper standard testing methods. 

In this country, metallurgists have long recognized 
the fundamental importance of temperature, state of 
stress (notch effect), and speed of deformation in 
assessing the notch ductility of steel, and these factors 
are being adequately covered in the revision of B.8.12] 
in which, for convenience in carrying out tests at 
various temperatures, the beam type of test piece 
with the V notch is favoured (the Charpy V-notch 
test). 

In the familiar curve relating Charpy V-notch 
energy with temperature (Fig. 1), the transition from 
the ductile to the brittle condition usually occurs 
over a considerable temperature range, the actual 
extent of which depends on the composition and heat- 
treatment of the steel. Since the assessment. of 
notch ductility is based essentially on the temperature 
of the transition, a problem arises owing to the diffi- 
culty of precisely defining this without carrying out 
sufficient tests to establish the shape of the curve, 


which is a tedious procedure. For convenience in 


acceptance testing, it is customary to specify a mini- 


mum energy value to be obtained at a certain tem 
perature which may be related to the anticipated 
lowest temperature of service. For example, Lloyd's 
Xegister of Shipping in their revised rules for improved 
ship plates specify a minimum of 35 ft-lb at 0°C 
It should be noted that this specification is based on 
an extensive survey of service failures in ships built 
in all parts of the world under conditions not always 
comparable with those in the UK.' There is, how- 
ever, a wide body of opinion that 20 ft-lb at the lowest 
service temperature is adequate for most practical 
purposes. 

In assessing notched-bar test results, various othe1 
related criteria may be used, notably fracture appear- 
ance, the transition temperature being taken as that 
corresponding with, say, 50°, cleavage in the fracture. 
Unfortunately, there is no quantitative correlation 
between the test results based on the two criteria as 
between different steels, and since cleavage fracture 
is the invariable characteristic of brittle service 
failures, there is a widely held opinion that fracture 
appearance is the more reliable criterion in assessing 
service behaviour. 

Fracture appearance can, of course, be applied in 
the Charpy test, but because of the restricted size of 
the specimen, the fracture face of which is only 
10 mm x 8 mm, and because most service failures 
occur in the absence of impact, several forms of notch 
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tensile or notch slow-bend tests have been introduced 
most of which have the merit of employing the full 
plate thickness. The best known examples of this 
type of test in this country are the notch tensile test 
developed by Dr Tipper of Cambridge,” and the Van 
der Veen test developed in Holland.* 

The problem of assessing the notch ductility of stee! 
has been recognized by the International Institute of 
Welding, a sub-commission of which, under my chai: 
manship, carried out a systematic comparison of 
the results of various types of tests including Charpy 
V notch (energy) and the Van der Veen test (fracture 
appearance). This work carried both 
ordinary and improved types of ship plates represent 
ing current production in the UK, Sweden, Demark 
Holland, and Belgium. During the course of these 
investigations there was a free exchange of plates and 
test results. Indeed the only obstacle to progress was 
imposed by the Customs on the import of test speci- 
mens; so far as the interchange of knowledge and 
experience was there barriers 
whatever, which in itself was an encouraging experi- 
ence. 

This international work led to the publishing of 
two important conclusions which helped to clarity 
a situation that was rapidly becoming confused with 
the introduction of so many new forms of notched- 
bar tests. 


was out on 


concerned, were ho 


These conclusions? are: 

(1) In the general class or ‘ ordinary’ mild steels, 
and for many other types, all tests rate the steels 
in approximately the same order of merit. For 
the various improved structural steels, some 
methods of manufacture improve one property 
more than another, but such individual improve- 
ments seem to give added safety to structures 
\n improvement in all assessments is presumed 
to give a greater degree of safety 

(2) Identity of transition temperatures from one 
test to another or from a test to should 
not be expected, as each test or structure sub 


service 


jects the steel to unique conditions; neverth 
correlation may be established 


less, Sole 


Pending further experience in the use of the two 
main criteria mentioned, it is current practice in this 
country to base acceptance tests on energy values 
obtained in the Charpy V-notch test and to record, 
for information purposes only, the percentage cleavage 
in the fracture. Moreover, it is the Charpy V-notch 
test that has been used in this country in the develop- 
ment of improved steels, and in this connection it is 
gratifying to note that British steelmakers were the 
first to realize the urgent need for a standard series 
of steels within the tensile range as ordinarily used 
for structural purposes but having guaranteed levels 
of notch ductility. 

Investigators in this country discovered the import- 
ance of manganese in improving the notch toughness 
of mild steel, and this had led to the adoption of a 
minimum manganese/carbon ratio as a first step 
in the ladder of improvement. In the ordinary 
type of ship plate, as produced in this country, the 
manganese/carbon ratio is about 3. By adjusting 
this ratio to a value of the order of 8, a substantial 
improvement in notch ductility is obtained, and it 
is important to observe that this adjustment can be 
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Fig. 2 


made without any major upset in the economy of 


production, since the steel of the balanced type can 
still be made. At the same time, it was appreciated 
that there would be a demand for still further improve- 
ments in the notch ductility for the more vulnerable 
parts of welded structures. For this purpose, a 
killed steel, grain-controlled and normalized, is best. 
Acting along these lines, the plate makers of this 
country, through the Heavy Steel Makers Technical 
Committee, collaborated in formulating the N.D. 
series of British Standard Notch Ductile Structura 
Steels (B.8.2762 : 1956). The progressive increase 
in the notch toughness of the N.D. steels from N.D.1. 
to N.D.IV is denoted by the specified Charpy V- 
notch values as follows: 


N.D.1 20 ft-Ib/min Charpy V notch at 0°Cc 
II 99 om 99 % 15°C 
ILI a is ‘ » — 30°C 
IV 50°C 


An interesting episode in the brittle fracture story 
refers to the high-grade steel classified above as 
N.D.IV. A proprietary steel of this type was on the 
market in this country about 15 years ago. It was 
originally developed to meet chemical engineering 
requirements for service at sub-zero temperatures, 
and it was a firm of Swedish shipbuilders who had 
the foresight to appreciate its advantages for ship- 
building as a safeguard against brittle fracture. The 
steel was incorporated in the more vulnerable parts 
of the ship’s hull, including the shear and stringer 
strakes amidships. The first ship in which this steel 
was used was the ss Tank Emperor launched in 1948 
(Fig. 2). 

The development of improved notch ductile steels 
of the types described has proved of great value, but 
it must be admitted that in the light of present know- 
ledge it is not possible to formulate any simple princi- 
ple whereby steel with just the right level of notch 
ductility for any specific application can be selected. 
Service behaviour must, of course, be the final cri- 
terion, but as often as not there are no data available 
from past experience which can be used as a guide. 
There have, therefore, been several attempts to design 
large-scale laboratory tests which will closely simulate 
service conditions. Pioneer work in this field has 
been carried out by Robertson at the Naval Con- 
struction Research Establishment, Rosyth,® and by 
Wells at the British Welding Research Association.® 
The special testing machines designed by these 
investigators have been copied by other research 
establishments in this country and abroad, and some 
very useful conclusions have been reached. 
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ss Tank Emperor, hull partly constructed of steel N.D. IV (20 ft-lb/min Charpy V notch at —50° C) 


Robertson, in his classical studies of crack propaga- 
tion, has pointed out that in conventional notched- 
bar tests the fracture is propagated through metal 
that has undergone considerable plastic deformation, 
whereas in actual service failure brittle fracture is 
preceded by little or no plastic deformation. Robert- 
son devised a test in which a brittle crack is initiated 
by a standard blow delivered in the immediate 
vicinity of a severely cooled notch at one end of a 
test bar along which there is a temperature gradient 
and to which a transverse stress can be applied as 
illustrated in Fig. 3. The temperature along the 
test bar at which the crack first shows signs of 
arresting is observed and termed the ‘ arrest’ tem- 
perature. A typical Robertson curve showing the 
relationship between stress and arrest temperature 
for a l-in. thick plate of mild steel is shown in Fig. 4. 
From this curve it is evident that to maintain the 
propagation of a brittle crack, two conditions must 
be fulfilled: 


(1) The stress must exceed a certain critical value 
(2) The temperature must be below a certain critical 
value known as the Robertson arrest temperature. 


It will be observed that below the Robertson arrest 
temperature, the critical stress is well below the yield 
stress of the steel, this being in agreement with the 
observed fact that in service, extensive brittle fractures 
have occurred at normal working stresses of the 
order of 5 tons/in?. 

An outstanding problem was to reproduce in the 
laboratory initiation, as distinct from propagation, of 
fractures at the low values of nominal stress which 
characterize so many service failures. Wells pointed 
out that in notched-bar tests in general, even with a 
very sharp notch and at a temperature well below the 
fracture transition temperature, the nominal stress 
in the test-piece had to attain or exceed the yield 
stress before fracture was initiated. Wells, following 
a lead by Greene,’ investigated initiation phenomena 
by means of wide-plate tensile tests in which the test- 
piece has a longitudinal butt weld located at mid- 
width, and having a fine saw-cut notch introduced 
at the mid-length of the edges of the plate before 
welding. Wells’ results confirmed Greene’s observa- 
tions that in this type of large-scale test, in which 
conditions approached those in actual welded struc- 
tures, it is possible to initiate fractures at very low 
values of nominal stress. The explanation, as 
pointed out by Wells is that * Longitudinal weld 
shrinkage during cooling in the presence of the 
notch satisfied independently the condition of general 
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Fig. 3—Robertson test for determining conditions for 
arrest of a brittle crack propagating through 
undeformed metal 


yield without external load.’ In other words, these 
tests indicated in a striking manner the influence of 
residual stresses due to welding in initiating brittle 
fracture at a local weld defect. This undeniably 
explains why catastrophic brittle failure came into 
prominence only when welding was generally intro- 
duced in place of riveting. 

The preliminary results obtained by Wells confirmed 
that a low transition temperature, as shown in the 
Charpy V-notch test, provided an additional measure 
of safety to a welded structure. 

A second valuable conclusion derived from early 
experiments with the Wells type of test was confirma- 
tion of the influence of stress-relieving treatments 
as a means of safeguarding a structure against 
initiation of brittle failure. Kennedy,? working in 
collaboration with the British Welding Research 
Association, was able to show that removal of the 
residual provided a complete safeguard 
against the initiation of brittle fracture at low nominal 
Kor a mild-steel structure, treatment at 
650° C for 1 h was shown to be fully effective for the 
purpose, while the Linde method of local redistri- 
bution of residual stress provided a moderate degree 
of stress relief. Kennedy also showed that the same 
benefit was obtained where stress relieving was carried 
out by general yielding, thus proving that the benefits 
of the orthodox thermal stress-relieving treatment are 
due to elimination of the residual stresses and not to 
metallographic changes in the thermally disturbed 
zone of the weld, as had been suggested in some 
quarters. 

The practical significance of residual welding 
stresses has, of course, been long recognized in certain 
codes of practice for construction of pressure vessels, 
which make stress-relieving mandatory. It is true 
to say that in such cases brittle fracture has never 
presented a major problem in this country. 

Thus | have attempted briefly to present the salient 
features of the brittle fracture story, which has brought 
new problems alike to the man in the melting shop, 
the mills, and the metallurgical laboratory, and to the 
design engineer. Progress to date is evidenced by 
the large-scale production of steels to guaranteed 
levels of notch ductility, which is a regular feature 
of the output of many mills in this country today. 


stresses 


stress. 
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The application of plates in pressure vessels 

Plates used in pressure vessels are made to a stand- 
ard known as * boiler quality,’ because of their tradi- 
tional use in the manufacture of steam boilers where, 
for reasons of safety, a higher and more uniform 
standard was required than for ship-quality plates. 
The quality of such plates is controlled by specifica- 
tions which call for acceptance tests from each rolled 
plate. 

At one time most of the boiler plates in this country 
were made from acid open-hearth steel, but over the 
last 20 years or so, owing to improved production 
techniques, the great proportion of the plates are 
made from basic open-hearth steel, which is capable of 
meeting all demands. 

Here again the introduction of welding in the 
fabricating shops has had its effect in a gradual up- 
grading of steel quality to meet the stringent demands 
imposed by the inspecting authorities. 
the practice of stress relieving, notch ductility is not 
a major problem, and no British specifications for 
plates for use in pressure vessels make reference to 
this factor except for service at sub-zero temperatures. 
In many Continental countries, where steels produced 
by processes other than the open-hearth process were 
permitted for pressure-vessel construction, specifica- 
tions for pressure-vessel steels include a notch ductility 
clause for boiler-shell plates. For commercial reasons, 
therefore, this factor should be borne in mind when 
revising our relevant specifications, since it may have 
a considerable influence on our steel exports. 

To the fabricator, welding as opposed to riveting 
has made it possible to meet demands for more econo- 
mic power production by increasing operating pres- 
sures and temperatures. Progress in this direction 
has proceeded apace, with progressive increases in 
the thickness and dimensions of plates. This, in 
turn, has led to a demand for higher-tensile steels. 
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TABLE I 
Comparison of specifications for large welded drums 
1935 1958 
Length, ft 35 66 
Diameter, in. 54 60 
Plate thickness at weld, in. Ij 5 
Weight, tons 16 112 
Working pressure, |b in* (safety-valve load) 390 2750 
lest pressure, Ib in* 780 4125 
Minimum tensile strength of plate, tons in* 28 38 


The trend in this development, according to Harris® 
(Table I), is illustrated by a comparison between what 
was a large welded drum in 1935 and drums (Fig. 5) 
currently being manufactured in this country for 
some of our new power stations. 

In discussing the subject Harris states “‘ When it 
is noted that drums similar to that listed above as 
indicative of 1958 are manufactured with much less 
difficulty and a freedom from repair welding unknown 
in 1935, some idea of the improvements that have 
been quietly taking place in the science of welding 
can be gained.” These observations may also be 
claimed as a tribute to the improvements in the steel 
which have been proceeding just as quietly in close 
collaboration with our friends on the fabricating side. 

The best. quality of steel for welded pressure vessels 
is silicon-killed cast in wide-end-up ingot moulds 
with hot tops. For plates of reasonable dimensions 
at 5 in. thick, an individual plate may weigh as much 


as 20 tons, being rolled from a 35-ton ingot. That 
is to say, the ingot-to-plate yield is only 60%. How- 


ever, even with this practice, a major problem arises 
from the variation in chemical composition, and par- 
ticularly the variation in the carbon content from the 
bottom to the top of such large ingots; the higher the 
carbon content of the steel, the greater the problem 
in this respect. For this reason there is a limit to 
the tensile strength that can be achieved in such 
heavy plates in a straight carbon—manganese steel 
without risk of welding troubles due to local concen- 
trations of carbon at the central axis of the plate 
adjacent to the top discard. 

Such difficulties can be minimized by the use of a 
low-alloy steel with a low carbon content, so that 
the segregation of this element is reduced. 

In theory there are many ways in which one can 
ring the changes in the choice of alloys for steels of 
this type, but in practice the final choice must inevi- 
tably be influenced by costs so that the product may 
be economically attractive to the user. 

The problem has been tackled in various ways, and 
there have been several interesting developments, but 
I propose in the time available to confine my remarks 
to one particular steel, in the development and 
application of which I have first-hand knowledge, 
and which, like other steels of this type, is character- 
ized by a relatively high ratio of yield stress to ultimate 
tensile strength. My object here is to illustrate from 
a practical example how certain aspects of our design 
code prevent the application of these steels in as 
economic a manner as is possible in certain Continental 
countries. This refers particularly to the use of the 
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Fig. 5 


Modern high-pressure steam drum 


steels in the medium temperature range as in steam 
boiler drums. 

This proprietary steel, which contains a particular 
combination of manganese, chromium, molybdenum, 
and vanadium, is being produced regularly in large 
tonnages in the form of plates up to 5$ in. thick and 
is giving satisfactory service in some of the largest 
welded steam drums in modern high-pressure power 
stations in this country. The guaranteed minimum 
tensile for plates within the thickness range 3-6 in. 
is 36 tons/in?, which is the relevant factor for design 
purposes according to current British practice. 
Details of the development of the steel and its 
behaviour in fabrication have discussed 
where.!® The salient features of the steel are given in 
Tables IT-LV. 

The design stresses employed in this country for 
both ordinary carbon steels and special steels of the 
type mentioned above are substantially lower than 
the stresses used for similar steels in many other 
countries. Apart from the effect on the cost of con- 
struction of vessels for use in this country, the situa- 
tion is having adverse repercussions on our exports. 
The extent of our handicap in this respect is shown 
by the difference in design stresses permitted for the 
above steel according to British and Continental] 
codes of practice. For a service temperature of 
350° C (660° F), the British Standard B.S.1500 stipu- 


been else- 


TABLE Il 
Manganese-chromium-—molybdenum-vanadium 








steel 

Chemical analysis Specification, °,, max. rarget, 
diss oa hte ES 
Carbon 0-17 0-15 
} Silicon 0-30 0-15 
Sulphur 0 05 
Phosphorus 0.05 
Manganese 1-50 1-3 
Chromium 0-70 0-50 
Molybdenum 0-28 0-26 

Vanadium 0.10 0.08 
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TABLE Ill 
Specified temperature proof stress data 





0-2°., proof stress, tons in‘ minimum 


rhickness 
20 100 200 250 
Cc ; Cc 


300 350 400 425 450 
Cc y ( 


( ( ( 


Up to 1 in. 30 «29 


w 
xu 


% 2 | 24 | 23 21 19 
Above 1 in. up to 3 in. 27 26 25 | 24 23 | 22 | 28 | 19 | 17 


Above 3 in. up to 6 in. 24 | 23 | 22 21, 2 19 18, 17 | 15 


lates that the design stress shall be one-quarter of the 
ultimate tensile strength at ambient temperature. 
The Continental code, on the other hand, stipulates 
that the design stress shall be two-thirds of the 
Q-2°, proof stress at the service temperature, pro- 
vided that this does not exceed 75°, of the ultimate 
tensile strength. The design stress for this steel 
under these conditions is 84 tons in® following the 
British code, compared with 14 tons in® following 
the Continental It will be appreciated that 
the acceptance of the proof stress instead of the ulti- 
mate tensile strength as a basis for design in the 
intermediate temperature range reacts most unfavour- 
ably in the case of the low-alloy steels of the type 
described. A comparison of the design 
sritish v. Continental practice, is illustrated in Fig. 6. 

An example of what this means in practice may be 
quoted. On a recent occasion, this steel was used 
for the manufacture in this country of a welded vessel 
designed for a pressure of 2 060 lb/in® and an operat- 
ing temperature of 340° C (644° F). The vessel was 
intended for export to a Continental country and 
design was based on the 0-2°, proof stress at the 
operating temperature, the data for which were made 
available by the steelmaker (see Table IV). The 
result was a vessel, the shell plates of which were 
2) in. thick, but the same vessel used for the same 
purpose in this country would have required the 
thickness of the plates to have been increased to 
34 in. 

After the vessel had been manufactured and des- 
patched, the Continental authority, while accepting 
the basis of design, found itself in some difficulty 
because there existed no standard specification in 


Cc de. 


stresses, 


TABLE IV 

Typical high-temperature tensile data 
5-in, thick plate normalized from 900° C, tempered for 
2h at 650° C 





Plate analysis, Cc Si Ss P Mn Cr Mo \ 


015 0.13 0-030 0020 132 065 023 0-07 


Testing 02 proof UTS, Elongation 
temperature, stress, tons in* tons in 4A 
. 20 29 38 26 
j 200 25 35 24 
300 22 36 25 
350 24 38 22 
400 20 34 23 
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Fig. 6 Design stress (below creep range) for high-yield 
low-alloy steel, 36 tons in? UTS 


the country of origin of the material which imposed 
any control on the proof stress at the service té mpera- 
ture. Eventually it was agreed to treat the certi 
fication of the vessel as a and it was 
ultimately accepted following the satisfactory com- 
pletion of additional proof-stress tests carried out 
under independent supervision. 

The above case illustrates the difficulti that 
beset British manufacturers tendering for plant of 
this nature to the many countries which accept Con- 
tinental practice. If British industry is to « 
on anything like even terms with foreign manu 
facturers in world markets, it isevident that advantage 
must be taken, in suitable cases. of the superior inte! 
mediate temperature properties of low-alloy steels 
and British Standard Specifications making 
to 0-2° 


* Spe ial case, 


ompete 


reference 
, proof stress data for such steels are urgently 
required. 
If we are to maintain our competitive position, it 1s 
desirable that we make the most effective use of carbon 
and alloy steels compatible with adequate safety 
It is necessary to consider, therefore, the factors that 
limit the design stress adopted by a British firm pro- 
ducing vessels for both the home and export markets. 
Considering first the position with regard to vessels 
produced for the home market, even if the fabri- 
cator is satisfied that he could safely increase the 
design stress above the figure recommended in the 
appropriate British Standard, he cannot do so without 
the approval of a competent inspecting authority. 
It is generally true to say that none of the British 
inspecting authorities is prepared to approve any 
design procedure which would involve the use of 
design stresses higher than those stated in the appro- 
priate British Standard. As a consequence of this 
policy, an alteration in design procedure that would 
result in an increase in the stress on the steel can only 
be brought about by amendment of the appropriate 

British Standard Specification. 
\ British Standard Specification, at least in so far 
JOURNAL OF THE 


IRON AND STEEL INSTITUTE 











BARR: 


116 


as it concerns pressure vessels and boilers, etc., is 
the result of a compromise between the engineering 
insurance companies’ views and the manufacturers’ 
views. It is intended to be an indication of what is 
standard practice. Therefore, standards are not 
amended to cover improved procedure until use in 
service has shown that the procedure is satisfactory. 
Thus, it is usually the case that where service condi- 
tions demand a type of construction outside the 
range covered by an existing British Standard, agree- 
ment has to be obtained between the purchaser and 
the manufacturer on the features of design or methods 
of manufacture which are departures from standard 
practice. In the sections of engineering to which 
reference has just been made, it is fortunate that 
British manufacturers do considerable business abroad, 
where they are able to obtain evidence of the satis- 
factory performance of advanced designs and are 
able to use this evidence in arguing their case for 
modification to existing British Standards. 

Engineering insurance companies in Britain are 
the people who decide the insurance premium to be 
paid on any new plant and, because of the vague 
wording of the Factories Act, 1937, their engineers 
are normally regarded as the persons competent 
under the Act to certify a pressure vessel for service 
under the conditions for which it was installed. 
There are very few legal regulations in the UK 
relating to the design of pressure equipment of the 
class under discussion, and so it has become customary 
for specifications such as B.S.1500 and B.S.1113 to 
be used as the criterion upon which the fulfilment of 
the Act is determined. 

A consequence of the above procedure is that 
progress in development of design procedure for 
In the early part of the century, 
the procedure proved satisfactory in that technological 
and the standard design 
practice never fell too far behind the most advanced 
practice employed elsewhere in the world. However, 
nowadays technological development proceeds at a 
much more rapid pace and the operation of the above 
procedure for amending British practice has resulted 
in the British Standards falling behind the most 
economic modern practice as represented by a number 
of foreign codes. 

As far as the export trade is concerned, British 
manufacturers may, and in fact do, as previously 
mentioned, quote on the basis of the regulations 
existing in the country where the plant is to be 
installed, provided, of course, that they are satisfied 
that the resulting product is in keeping with the stand- 
ard of quality which they desire to uphold as a com- 
pany. British manufacturers can, however, be placed 
at a disadvantage if the requirements with which they 
have to comply in the UK result in the installation of 
manufacturing plant in their works which requires 
capital expenditure greatly in excess of that necessary 
for the manufacture of lighter equipment acceptable 
abroad. It is also true to say that a programme of 
steel development that would best meet require- 


vessels is very slow. 


progress was also slow 


ments in the UK may be less suitable as a means of 


serving trade abroad. It could possibly be claimed 
that the steelmaker would have to go to the expense 
of running two separate development programmes, 
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one for home demand and one for export, which it 
must be admitted is an unsatisfactory state of affairs. 

There is little doubt that lack of authoritative data 
on the properties of both standard steels and pro- 
prietary steels in this country has adversely influenced 
the engineering insurance companies, and other 
survey bodies, in considering proposals for increased 
It is notable that certain Continental steel 
manufacturers have done better in this respect, and 
have been rewarded by the adoption in their country 
of more enlightened ideas by the authorities respon- 
sible for boiler regulations and the like. Nevertheless, 
the steelmaker must know what class of data is going 
to be required, as it is wasteful and useless to produce 
unnecessary information. This being the case, those 
responsible for design should, first of all, determine 
in principle the basis upon which permissible stresses 
are to be determined; secondly, steelmakers should, 
with this knowledge, produce the necessary data; 
and thirdly, on the basis of the data the engineer 
should determine the magnitude of stress which can 
be tolerated. 


stresses. 


Heat-treatment 

Finally, mention must be made of the increasing 
importance of heat-treatment in the field of plate 
production. For a long time it was assumed quite 
correctly that thermal treatment would have little 
influence on those properties of mild-steel plate which 
were of significance in service. In consequence, most 
plates were supplied in the as-rolled condition, only a 
minority of the plate mills in this country having 
facilities for carrying out heat-treatment. Further- 
more, once the plates were received by the customer, 
they might be heated to very high temperatures for 
bending, spinning, etc., and no significance was 
placed on the effect such thermal treatment might 
have on their properties. With the modern emphasis 
both in this country and abroad on such properties 
as notch ductility, the 0-2°% proof stress at service 
temperature, rupture strength, etc., which depend 
on the structure of the steel to a much greater extent 
than does the ultimate tensile strength, the heat- 
treated condition of plates becomes of vital import- 
ance. 

The data the steelmaker provides for such pro- 
perties must be determined on material that is in the 
heat-treated condition in which it will go into service. 
The fabricator, in his turn, must ensure that at the 
end of the fabrication process the steel has the desired 
structure. With respect to both the above considera- 
tions, the latest foreign codes of practice are more 
explicit than the corresponding British Standard 
Specifications, and it is suggested that the necessary 
safeguards be written into British Specifications. 

Realization of the importance of heat-treatment 
has led to a remarkable increase in the demand for 
plates to be supplied in the normalized condition. 
In the case of one particular mill, for example, 
producing about 200000 tons of plates per year, 
the proportion of plates normalized has increased 
from 15°, to nearly 25°, during the last decade. 

This trend has also opened the way for the steel- 
maker to extend the field of application for quenched 
and tempered plates. Quenching from the austenitic 
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TABLE V 
Typical mechanical properties of carbon-manganese and low-alloy steels, quenched and tempered, for plates 





Chemical composition, 


Steel type 





Grain-con- 
trolled car- 

|; bon-mangan- 
ese 


0.19 0-026 0.026 1:34 0 22 


| 
| Low alloy 0-13 0-12 0.026 0-026 1:06 1:1 085 0 40 





range is, of course, one of the most effective methods 
of achieving high strength in steel. For example, 
quenched and tempered alloy-steel plates have been 
used for many years for armour plate. In view of 
the extensive use of welding, it is of great significance 
that quenching is a most effective way of combining 
good weldability, good notch ductility, and high 
strength in plate material. While the most spectacu- 
lar developments in this field have been brought about 
in the USA, the steelmakers in this country have been 
fully alive to the possibility of popularizing this class 
of material, and a very substantial 
quenched and tempered plates has already 
supplied for special structural purposes. As an 
example of the properties that can be achieved, Table 
V shows the composition and properties of a carbon 
manganese and a low-alloy steel quenched and tem 
pered in the form of l-in. thick plate 

Fortunately there is today no problem in obtaining 
weld metal of sufficient strength to match 
quenched and tempered steels, and the only two 
factors limiting their more widespread use are, on the 
one hand, the lack of adequate quenching plant at the 
steel mills and, on the other, the difficulty that may 
be encountered in carrying out all the necessary 
fabrication processes without heating the steel to a 
temperature at which the effect of quenching would 


tonnage of 
been 


such 


stress, 


up to 1-in. thick 


Charpy V-notch impact 
0.5 test 
proof UTS 


tons in 


Reduction 


Elongation 
» 4 of area, 


tons 
in remp. C, 
for 40 ft-Ib 


Temp. C, 
for 50 
fibre 


48 


However, both these limitations are 
of a type most likely to impede only the early stages 
of development of quenched structural steels, and 
the rapid increase in interest in this type of material 
is evidence that they are being overcome 


be destroyed 
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New pre-refining 


STEELMAKING by pre-refining blast-furnace 
with 


metal in a separate 
vessel then combining it electric-are furnaces 
has recently Brvmbo Steel 
Works Ltd., near Wrexham. The process has been developed 
within the works with advice and assistance from BISRA. 
Pre-refining takes place in special tilting furnace 
deep 16-ft dia. basic-lined hearth and 
The walls contain tangentially 
which draw air through ducts beneath the hearth, 
thus obtaining some preheat while helping to cool the hearth. 
There is provision for oxygen enrichment of this air feed 
Oxygen for pre-refining 1s supplied from a tonnage plant 
addi 


furnace feed doors 


si rap i! 
hegun on a production seale at 


with a 
brick 


burners 


alumina 


high 
roof. mounted oil 


furnace 


and injected through water-cooled lances, although 
tional ‘ dry’ be run over the 


The rate of oxygen injection 1s up to S500 ft min. 


lances may 


Lime powder from a specially designed dispenser is jetted in 
with the oxygen. 
Pre-refining time for a 20-ton charge of blast-furnace metal 


is between 1—1$h, during which the metal temperature is 
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process at Brymbo 


raised from about | 300° to 1 500° C or more Little « 


Hearth depth, t wether with the 


irbon 


removed from the tron use of 


oil burners in the furnace wall effectively controls foaming 


during the reaction 


Fume is removed through a large flue and chimney into 
the atmospher although it is intended to install fume 


cleaning plant. 
At the end of the pre 
of three 


refining period the me 
to one 40-ton electric are 


tains a half-charge 


furnaces which 


of scrap at melting point 


Early figures show an oxygen consumption of 1 000 ft® ton of 


metal from the pre (which includes 6-55 


scrap in the charge) for an overall metal yield of 93 


refining furnace 


Considerable improvement of the 


experience, but 


process is ¢ xpected wit 


more operating because of its flexibility 


Bryvmbo engineers believe that the process could he 


ipplied 
to OH st} ops in the UK which are forced to use high phosphorus 
blast-furnace metal 
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of solidifying iron and steel castings 


by means of vibration 


By J. H. Gittus, B.Se., ATM. 


INTRODUCTION 


GRAIN-REFINEMENT, degasification, and the emulsi- 
fication of immiscible phases have been produced 
by the vibration of molten or solidifying metals. 
Most of the published work is concerned with non- 
ferrous alloys, particularly those of low melting point. 
An excellent review of the literature up to 1954 has 
been given by Hiedemann.! 


Manuscript received on 2nd April, 1958. 


The author is with The Mond Nickel Company Ltd, 
Birmingham. 
{ | 
4 | 
he 
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Fig. 1—Apparatus used to vibrate castings during 


solidification 
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lls 


SYNOPSIS 
Balls of 


cast iron and moulded either in graphite or in sand, have been 
vibrated during solidification at 100 ¢ s with an amplitude of 0°05 in. 


2}-in. dia., cast either in steel or in magnesium-treated 


As a result, the columnar austenite-dendrites were eliminated from 
the central regions of the steel castings and were replaced by 
Columnar dendrites persisted in the outer rim 


of the vibrated, graphite-moulded steel castings and, where they 


equiaxed crystals. 


joined the equiaxed central region, a narrow zone of increased 
carbon, sulphur, manganese, silicon, nickel, chromium, and molyb- 
denum contents was observed. 

Magnesium-treated iron castings were inoculated by vibration, 
which in this respect resembles the conventional inoculants such 
as ferrosilicon. However, vibration appears to be a much more 
powerful inoculant than ferrosilicon. Thus it graphitized a chill- 
cast, magnesium-treated ball containing less than 0*2 silicon. 
In hyper-eutectic iron, which solidified too rapidly for graphitization 
to be produced, vibration conferred a random orientation upon 
the hyper-eutectic carbides. 


Theories are proposed to explain these observations in terms of 
nucleation and growth during solidification. 1566 


Amongst the more extensive of the earlier investiga- 
tions is that of Schmid, Ehret, and Roll,? who em- 
ployed a magnetostrictive generator to produce ultra- 
sonic vibrations which used to erain- 
refinement in alloys of antimony, cadmium, and 
aluminium. In later experiments these authors 
studied the effects of the frequency and intensity of 
vibration upon the structure of Wood’s metal, and 
subsequently found that vibration increased the rate 
at which iron was dissolved by molten zinc. Seeman 
and Menzel,*® studying a continuous-casting process, 
produced grain-refinement by means of probes im- 
mersed in the liquid metal and vibrated magneto- 
strictively. A comparable application where mech- 
anical or electrodynamic vibrations were induced in 


were secure 
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TABLE I! 


Effect of vibrator voltage upon hardness and microstructure of sand-moulded, magnesium -treated cast-iron balls 


Analysis, 
Vibra- 
Casting Ch : . tor BHN, BHN, Microstructure, 
themical Spectrographic as- an- : 
no. volt- as-cast 
cast nealed 
age, V 
r.c. Ss P Meg Ni Mn Si 
1 3.50 0 005 0 04 0 125 0 80 0.32 1-25 0 415 White iron plus a few graphite spheroids 
1\ 150 412 ” 
} 2 0.081 «0-65 0.24 1 30 0 415 - 
2V 200 263 123 Grey iron with S.G.* 
3 0-12 0 89 0 22 115 0 367 White iron plus a few graphite spheroids 
3V 250 257 132 Grey iron with S.G.* 





* Spheroidal graphite 
Other elements in these irons and in those of Tables II and III were present as follows (percentage spectrographic analysis 
Ti 02 Sn As N.D. N 


ri 0-01 b N.D. 
Cr < 0-01 Al 0-01 to 0-03 Sb N.D. Ag N.D 
Mo 0-10 Bi N.D. Ca 0-002 Zr N.D. 
Cu < 06-10 rh N.D. B N.D. cd N.D. 
Vv < 601 w N.D. Zn N.D. Be N.D 
Pb 0-001 Te 0 01 Ce N.D, 


N.D. Not detected 


continuously cast ingots of aluminium—copper vicinity of a vibrating probe immersed in one end of a 
magnesium alloys is described by Mann,* who noted — horizontal-bar casting. More recently, Freedman and 
a reduction in grain-size but an increased tendency Wallace’? and Freedman, Wallace, and Carbonaro,® by 
for cracks to form. By vibrating the mould, Richards vibrating ingots of copper and aluminium alloys 
and Rostoker® secured grain-refinement in ingots ofan obtained grain-refinement and an associated improve- 
aluminium alloy. A similar alloy was studied by ment in mechanical properties 

Southgate,® who observed grain-refinement in the The recent work of Mastalerz® is of interest since it 


TABLE II 


Relative and cumulative effects of ladle-inoculation and vibration upon hardness and microstructure of 
magnesium-treated cast-iron balls 


Analysis, 











Casting rype ot Typeot| “for” | pun,  BHN. Microstructure 
—_ e Chemical Spectrographic ype o* | inocu- wd < an- saaaherpcei uaa 
; no. mould tent voltage, as-cast neaied as-cast 

| V - 

} T.C. Ss P Meg Ni Mn Si 

| $$ $$$ —$ —— ee — —_——— — —— 

4 420 0 007 0 04 0-037 0 38 0-14 0-13 Sand Nil 0 545 256 White-iron, no graphite 
| 4V ” ” 250 202 102 -in. white-iron rim, 
j grey-iron core with 
| S.G 
| 5 0-048 0.79 0.15 0.80 64 0.625 0 278 194 Slight white-iron rim, 

FeSi* grey-iron core with 
S.G.+ 
5V - ” 250 238 122 * ” * 
6 4.15 0 007 0.04 0 044 0.75 0:16 0-12 oe 1-2 0 514 378 White-iron, no graphite 
graphite 

6V °° os 250 309 177 §-in. white-iron rim, 
| grey-iron core with | 
| S.G.+ 
| 7 0-115 0-68 0.14 0:64 * 12 0 283 146 Slight white-iron rim, 
| graph- grey-iron core with 
ite, S.G.* 

0-625 

| FeSi* 

| 7V - + 250 233 115 ” ‘ 

j 8 0-051 0.74 0-13 0-15 Graph- Nil 0 508 185 White-iron, no graphite 

| ite 

| 8V os 9 250 332 130 -in. white-iron rim, 
. grey-iron core with 

S.G.1 

9 0 035 0-62 0.19 0-60 - 0-625 0 497 150 White-iron, no graphite 

| : FeSi* 

9V a - 250 375 139 -in. white-iron rim, 
grey-iron core with 
| S.G 

* 80°, Si, balance substantially iron + Spheroidal graphite 
JUNE, 1959 JOURNAL OF THE IRON AND STEEL INSTITUTE 

















120 
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TABLE Ill 


Production of graphitic 8.G. iron balls, in graphite-moulds, by ladle inoculation, vibration, or both treatments 




















i— 
i 
| Analysis, 
Spher- 
Vibra- | aun | BHN | cidsper tical 
Casting Chemical Spectrographic Type of inoculant tor “es an- mm’, ape — oe 
no. voltage, as-cast nealed an- as-cast 
| V nealed 
T.c.| 8 P Mg Ni Mn _ Si 
Re? — _ ee ee See eich anaceupsiasidaabsinakaispaininilagie 
| 10 Nil 0 405 143 163 eee S.G.t at 
| 10V 445 0.009 0.038 0.076 066 036 1-7 250 287 148 720 4 in. white-iron rim, 
| grey-iron core with 
S8.G.* 
il 0 625", FeSi* 0 331 158 360 Mottled iron 
av | 0071 059 O31 1-95 250 274 155 750 t-in. white-iron rim, 
grey iron core with 
3.G.+ 
12 120°, graphite 0 459 139 150 White iron, some S.G.* 
| at centre | 
12V 442 0 008 0.037 0081 073 026 16 250 302 150 760 %-in. white-iron rim, 
grey-iron core with 
S.G.* 
13 1:20°,, graphite 0 361 159 480 Mottled iron 
0-625", FeSi* 
13V 0054 060 635 1-75 oo 250 276 152 870 k-in. white-iron rim, 
grey-iron core with 
S.G.* 
* 80°. Si, balance substantially iron + Spheroidal graphite 


suggests that porosity in steel may be reduced by 
vibration, whilst Jagaciak and Jones,!® studying 
mock turbine-blades cast in an alloy steel, found an 
improvement in room-temperature mechanical pro- 
perties attributable to vibration. 

The only reported observation for cast iron appears 
to be that of Richards and Rostoker,® who found that 
the size of the graphite flakes in an iron casting could 
be increased by vibrating it during solidification. The 
effects of vibration upon iron castings appeared to 
merit further attention, if only because of the lack of 
existing information. Accordingly, an investigation 
was made, coupled with a parallel study of the in- 
fluence of vibration upon steel castings. The results 
are reported in the present paper. 


APPARATUS AND GENERAL PROCEDURE 

Most of the iron castings were made from metal 
which had been melted in an oil-fired crucible furnace 
and which had a residual magnesium 
the order employed for the production of spheroidal] 
graphite."! Castings made in a nickel 
chromium—molybdenum steel (similar to BS. En 24) 
and in a 1-4%, carbon unalloyed steel, both of which 
were melted in a small, basic-lined, high-frequency 
furnace. The castings were spheres of 2} in. dia. and 
surmounted by a feeder into which the metal was 
poured (a) at 1 400° C (S.G. iron), and (6) at 1 540°C 
(both steels). 

The moulds were either machined from graphite 
electrodes or rammed-up in silica sand bonded by the 
CO,/sodium-silicate process. A comparison of the 
results obtained in these two moulding materials 
made possible an appraisal of the effects of solidi- 
fication rate. 

A simplified drawing of the apparatus used to 
vibrate the castings during solidification is shown in 
Fig. 1. The mould was attached to an armature which 
was supported by a spring and vibrated at 100 c/s by 


were also 
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content of 


an a.c. mains-energized solenoid. The spring length 
was adjusted to produce resonance when a maximum 
amplitude of 0-050 in. was obtained at an applied 
voltage of 250 V. Lower voltages, obtained by. means 
of a transformer, gave smaller amplitudes. 

After examination in the ‘ as-cast ’ condition, some 
of the iron castings were annealed in boxes of iron 
turnings. In all such cases the annealing treatment 
was: 

8 h at 900° C, transferred to furnace at 690° C 
16 h at 690° C, box-cooled to room temperature. 

In most Brinell hardnesses were measured 
both in the as-cast condition and after annealing 
The hardness impressions were made in a region | in. 
distant from the edges of the balls. 


cases 


PROCEDURE AND RESULTS: CAST IRON 
a) Influence of amplitude of vibration 

A number of taps were taken from a crucible of 
molten iron and treated with nickel—-magnesium. 
From each tap, two sand-moulded 2}-in. dia. balls 
were cast. In each case, of the moulds was 
vibrated, and the other not. Amplitude of 
vibration was varied by varying the voltage applied to 
the solenoid, and was different for each tap. Vibration 
was continued until the castings were solid. When 
cold, they were sectioned to provide specimens for 
micro-examination and hardness measurement. 
Selected specimens were then annealed. 

Analyses, vibrator-voltages, microstructures, and 
Brinell hardnesses are shown in Table I. All of the 
unvibrated balls were substantially free from graphite, 
as had been anticipated, since magnesium is a power- 
ful carbide-stabilizer. The balls which were vibrated 
by applying 200 or 250 V to the solenoid were com- 
pletely graphitized and had good spheroidal-graphite 
structures. Vibration at the higher amplitudes had 
therefore acted as an inoculant, and accordingly 
the following experiments were made to compare its 


one 
was 
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effects with those of inoculation by means of ferro- ‘ 
silicon or carbon. : 


b) Relative and cumulative effects of vibration and » 
ladle inoculation 

An iron containing less than 0-2°,Si was used in 

this experiment because its low graphitizing tendency 

offered a critical test of the efficacy of vibration as an — Zane 


inoculant. The iron was melted in a crucible furnace , 
and taps were taken, treated with nickel-magnesium, 

and cast into vibrating and stationary (reference) 
moulds. Maximum amplitude of vibration (about 
0-050 in.) was used, and both sand and graphite 
moulds were studied. In some cases the metal was | 
inoculated immediately before casting, either with oe 


ferrosilicon, or with crushed electrode-carbon, or with 
both materials simultaneously. The experimental 
procedure and the results obtained are shown in 
Table II, from which the following conclusions have 
been drawn: 
(i) Despite the low silicon content, vibration has 
substantially graphitized the sand-moulded ball 
4V and the graphite-moulded ball &8V. An as- 
cast structure of this type has never previously 
been reported for irons of such a composition 
(ii) Vibration has graphitized the graphite-moulded 
ball 8V, but inoculation with ferrosilicon has not 
graphitized the otherwise similar ball 9 
(iii) Comparison of balls 6 and #4 indicates that 
crushed electrode-carbon has not acted as an 
inoculant, and a comparison of balls 5 and 7 
suggests that it has not supplemented the inocu- = Zone 
lating effect of ferrosilicon when the two sub- 
stances were used together 
(iv) Comparing 5 with 5V, 7 with 7V, and 9 with 9V, 
the inoculating effects of vibration and ferro- 
silicon are seen to have been additive, since in 
each case the vibrated ball is the softer of the 
two. 


(c) Vibration of graphite-moulded ball castings 


The graphitization of the graphite-moulded ball 
SV was of particular interest since it suggested that 
by means of vibration it would be possible to produce 
chill-moulded S8.G. iron castings having substantially 
graphitic structures in the as-cast condition, partic- 
ularly if metal of conventional silicon content were 
employed instead of the low-silicon iron used for ball 
&V. 

Pursuing this point, further graphite-moulded 
balls were made with silicon and carbon contents 
higher than those of the irons shown in Table II, 
to favour graphitization. The metal was treated with 
nickel-magnesium and in some cases was inoculated t 
before pouring. Castings were made in moulds 
vibrating at the maximum amplitude and also in 
stationary (reference) moulds. The results, sum- 
marized in Table III, show that vibration has again 
acted as a powerful inoculant, producing balls ( 
consisting of grey-iron cores and thin white-iron 
rims. The persistence of the white-iron rim, despite 
the use of high carbon and silicon contents, is attribu- T° 





table to the very high solidification rate near to the tia 

mould wall, which appears to preclude graphitization ' Tee 

of the rim even when circumstances are particularly 

favourable. ; Fig. 2—-Structure near edge of graphite-moulded 
Most of the conclusions which were drawn from the vibrated cast-iron ball 10V. Etched in 2°, Nital ~ 30 


JUNE, 1959 JOURNAL OF THE IRON AND STEEL INSTITUTE 








GITTUS 





Fig. 3 (top) 
show columnar structure, etched in 2% Nital 


Zone A of Fig. 2 at higher magnification to 
500 
Fig. 4—Zone B of Fig. 2 at higher magnification to show 

random orientation of carbides. Etched in 2%, Nital 


500 
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results presented in Table II are substantiated by 
those reported in Table III]. The Brinell hardness 
measurements show that the inoculating effects of a 
ladle addition of ferrosilicon and of mould-vibration 
have again been additive and the suggestion that vibra- 
tion has been a more powerful inoculant than 0-625°,, 
of ferrosilicon is sustained by these further data. 

Further information regarding the inoculating 
effects of vibration and ferrosilicon was obtained 
by counting the number of spheroids per square 
millimetre of a zone about | in. from the edge of each 
annealed ball. The figures so obtained are propor- 
tional to the rates at which eutectic cells (each of 
which has, as its centre, a graphite spheroid) were 
nucleated during solidification. Since the principal 
effect of inoculation in S.G. iron is to increase the rate 
at which the iron-graphite eutectic is nucleated, the 
efficiency of an inoculant may be measured by a 
spheroid-count. At fixed levels of all other variables, 
the more potent the inoculant, the greater will be the 
number of spheroids which it produces. On this basis, 
the spheroid-counts listed in Table IIL clearly confirm 
that vibration has been a more powerful inoculant 
than the ferrosilicon addition. As would be expected, 
an increase in the number of spheroids was accom- 
panied by a decrease in their size. 

In the as-cast condition the vibrated balls exhibited 
four distinct structural zones, three of which are 
shown in Fig. 2. Near to the mould was a layer of 
equiaxed white iron, about 0-010in. thick. This 
structure, which is typical of chill-moulded cast irons, 
was observed in both the stationary and the vibrated 
balls, and is not illustrated. Further from the mould 
wall a band of hyper-eutectic white iron occurred 
zone A in Fig. 2. It had the columnar structure shown 
in Fig. 3 and was observed in both vibrated and 
stationary balls. However, in the unvibrated balls 
this type of structure extended to the centre of the 
casting (with gradual loss of the radial orientation 
illustrated in Fig. 3), whilst in the vibrated balls it 
gave place to the randomly orientated white-iron 
structure shown as zone B in Fig. 2 and (at higher 
magnification) in Fig. 4. It is believed that in zone B 
cooling rates were too high to permit graphitization, 
despite the inoculating effect of the vibration, and 
that instead a modification of the growth habit of 
the white iron occurred. On this hypothesis, the 
persistence of the columnar structure in zone A of the 
vibrated balls would denote a rate of solidification too 
high to permit even the re-orientation of the white- 
iron crystallites by vibration. Conversely, zone C 
the central zone, would be a region in which solidifica- 
tion was slow enough to permit graphitization of the 
iron by vibration. 

The effects of vibration and of cooling rate are 
evidently complementary, the effect produced by the 
former depending largely on the latter. Furthermore, 
crystallite re-orientation and graphitization are 
distinctly separate effects, so that the former might 
be anticipated in cases where the latter is impossible. 
Thus in certain circumstances the graphitizing effect 
of vibration can be completely suppressed when the 
zone of randomly orientated crystallites extends to 
the centre of the casting. The properties of such white 
irons will be dealt with in a further paper. Addition- 
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LATION OF SOLIDIFYING CASTINGS BY VIBRATION 123 
TABLE IV 
Analysis of graphite- and sand-moulded steel balls 
Analysis, t 

Casting . I » ol i » of 

~ag Chemical Spectrographic a edny niet 

TC Ss P Ni Mn Si Cr Mo 

14 0 44 0.01 0.04 1-80 0-62 0 56 1.35 0.33 En 24 Graphite 

14\ 

15 0.44 0 008 0 03 1-75 0 65 0-42 1-35 0 « En 24 Sand 

15\ 

16 1:14 0-009 0.04 01 0.44 0 58 0 058 01 Plain Graphite 
(16V carbon 

17 1-13 0 009 0 04 01 0 46 0.40 0 066 01 Plain Sand 

17\ 








Final deoxidation was by means of 0.05 


ally, the castings in Table IIL were all hyper-eutectic. 
and much of the carbide visible in their rims was 
undoubtedly primary carbide precipitated before 
the eutectic solidified. One of the reasons for the 
unique structure of the white-iron zone B is, there- 
fore, that vibration * randomized’ the orientation of 
the primary carbides. It was of interest to ascertain 
whether it would similarly affect primary austenite 
dendrites, and this possibility was studied by means of 
steel castings 


PROCEDURE AND RESULTS: STEEL 
Two steels were chosen for investigation. One was 
an En 24 type, hypo-eutectoid low-alloy steel; the 
other an unalloyed steel of hyper-eutectoid carbon 


content (Table [V). As before, 2}-in. balls were cast 


+ Other trace elements, with the exception of Cu (0 03 
graphic threshold (cf. Table I 


carbon 


generally below spectro- 


in both stationary and vibrating, 
sand moulds. Maximum 
(0-050 in.) was employed. 

Examination of sectioned balls showed that the 
dendrite structure had been modified by vibration 
Figures 5 and 6 show the coarse, columnar dendrites 
in the stationary, graphite-moulded En 24° ball 
whilst Figs. 7 and & demonstrate that equiaxed 
dendrites were produced when an otherwise similar 
ball was vibrated. As in the cast-iron balls (Fig 
outer rim of columnar crystallites still remained 
in the vibrated steel ball: the junction of the columnar 
and the equiaxed zones is seen in Fig. 7 

The sand-moulded En 24 steel balls had equiaxed 
dendrites throughout their section, whether they had 
been vibrated or not, but the dendrites were coarser 


graphite moulds and 
amplitude of vibration 


in 





Fig. 5—Columnar dendrites near edge of‘ stationary’ 
graphite-moulded En 24 steel ball 14. Etched in 
Fry’s reagent 20 


JUNE, 1959 


Fig. 6—-Columnar dendrites of variable 
centre of ‘stationary’ graphite-moulded En 24 


orientation near 


steel ball 14. Etched in Fry’s reagent 26 
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Fig. 7—Junction of columnar and equiaxed dendrites Fig. 9-—Coarse equiaxed dendrites in ‘stationary’ 


near edge of vibrated graphite-moulded En 24 sand-moulded En 24 steel ball 15. Etched in Fry’s 
steel ball 14V (edge of ball is to right of picture). reagent <x 20 
Etched in Fry’s reagent < 20 


moulds had columnar dendrites (Figs. 11 and 12) but 

in the stationary ball (Fig. 9) than in its vibrated these were completely eliminated by vibration, even 
counterpart (Fig. 10). from the rim of the casting, which instead had a fine, 
A rather different picture is presented by the plain equiaxed structure (Fig. 13), giving place to a coarser, 
carbon-steel balls. Those cast into stationary graphite equiaxed zone in the centre of the ball (Fig. 14). 











Fig. 8--Equiaxed dendrites near centre of vibrated Fig. 10—Fine equiaxed dendrites in vibrated sand- 
graphite-moulded En 24 steel ball 14V. Etched moulded En 24 steel ball 15V. Etched in Fry’s 
in Fry’s reagent < 20 reagent < 20 
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a Fig. 11—Colunmar dendrites near edge of ‘ stationary ’ 
graphite-moulded plain-carbon steel ball 16. Etched 
in Fry’s reagent 20 


Despite these differences in dendrite-structure, no 
modification in austenite grain-size attributable to 
vibration was in any case detected. 

The stationary, sand-moulded carbon-steel ball had 


Fig. 12—Columnar dendrites of variable orientation 
near centre of ‘stationary’ graphite-moulded 
plain-carbon steel ball 16. Etched in Fry’s reagent 

< 20 


JUNE, 1959 





Fig. 13—Junction of fine- and medium-sized equiaxed 


dendrites near edge of vibrated graphite-moulded 
plain-carbon steel ball 16V (edge of ball is to right 


of picture). Etched in Fry's reagent 20 
a structure of columnar dendrites (Fig. 15), unlike 
the comparable En 24 ball of Fig. 9, in which the 
dendrites were equiaxed Vibration caused the 





Fig. 14. Medium-sized equiaxed dendrites near centre 
of vibrated graphite-moulded plain-carbon steel 
ball 16V. Etched in Fry’s reagent 
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Fig. 17—Sections through graphite-moulded En 24 steel 
balls, showing (left) banded structure produced in 
ball 14V by vibration, and (right) absence of this 
structure from the corresponding ‘ stationary ’ 
ball 14. Etched in Humphrey’s reagent (12°, aqueous 
solution of cuprous ammonium chloride) x 4 


2 





Fig. 15--Columnar dendrites on ‘ stationary’ sand- 
moulded plain-carbon steel ball17. EtchedinFry’s structure not evident in the stationary balls (Figs. 17 
reagent 20 and 18). In each ball, the most marked * band ’ cor- 
responded to the junction of the rim-structure and the 
core-structure and had a higher sulphur content than 
its surroundings (Fig. 19). 

Evidence of segregation of other elements as well as 
of sulphur was obtained. For example, about 20°, of 
ferrite was present in the general structure of the 
graphite-moulded En 24 balls 74 and /4V (Fig. 20), 


columnar structure to be replaced by rather coarse, 
equiaxed dendrites (Fig. 16). 

Vibration appears to have reduced the size of the 
central shrinkage-cavities in the graphite-moulded 
balls which, however, were found to have a banded 


‘ leat 








Fig. 18—Sections through graphite-moulded plain- 
carbon steel balls showing banded structure 


Fig. 16-—-Coarse equiaxed dendrites in vibrated sand- produced in ball 16V (left) by vibration, and absence 
moulded plain-carbon steel ball 17. Etched in Fry’s of this structure from corresponding ‘stationary’ 
reagent < 20 ball 16 (right). Etchedin Humphrey’s reagent x 4 
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14V 14 


ASTINGS BY VIBRATION 


16\ 16 


Fig. 19-Sulphur prints of graphite-moulded balls showing sulphur segregation 


corresponding to banded structures of vibrated balls 


but ferrite was virtually absent from the band of high 
sulphur content at the junction between the columnar 
rim and the equiaxed core of ball /41’. Furthermore, 
the plain carbon-steel balls generally had a pearlitic 
structure, except in the band of high sulphur content 
where a grain-boundary network of pro-eutectoid 
cementite was observed (Fig. 21). 
carbon as well as of sulphur appears, therefore, to have 
occurred in both steels. A spectrographiec survey of 
the vibrated, graphite-moulded En 24 ball showed 


that the band was also the site of concentration of 


silicon, nickel, manganese, chromium, and molyb- 


Fig. 20—-Widmanstatten ferrite in general structure of 
‘ stationary ’ graphite-moulded En 24 steel ball 14. 
Etched in saturated picral 160 


JUNE, 1959 


Segregation of 


cf. Figs. 17 and 18 


denum (Table V) Detailed microexamination re 
vealed occasional microporosity in the same region 
(Fig. 22) 

No bands were revealed in the vibrated sand 
moulded balls of either steel when examined either 
by etching or sulphur-printing. This might be antici 
pated, since in the sand-moulded balls there was no 
difference rim structure and core structure 
and therefore no junction between regions of dis 
similar structure, comparable to the area in which 
segregation was found in the graphite-moulded balls 
This difference between sand- and graphite-moulded 
balls can only be a function of their different cooling 
rates. 


het ween 


Although vibration promoted macro-segregation In 


Fig. 21—Grain-boundary precipitate of pro-eutectoid 
carbide confined to band of high sulphur content in 
vibrated graphite-moulded plain-carbon steel ball 
16V. Etched in 2°, Nital 300 
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TABLE V 


Segregation of alloying elements in the band between the 
columnar and equiaxed crystallites in vibrated graphite - 
moulded En 24 steel ball no. 14V 





Spectrographic analysis, 
Position of spark crater 
Ni Mn Si Cr Mo Ti 





Near left-hand edge 1-8 0-62 0-58 1-3 0-31 0.01) 
On * band ° (left 1:95 0-66 062 1-4) 0-38 0-01 | 
Mid-radius (left 1-8 0-62 056 1-3 | 0-33 0-01); 
Mid-radius (right 1-7 0-63 0658 1-3 0-32 0-01 
On * band’ (right) 1-9 0.67 060 1-4 6-38 0-01) 
Near right-hand edge 1-8 059 054 1:3 0-30 0-01 








the graphite-moulded steel balls, it reduced micro- 
segregation. For example Fig. 23 shows a dendrite 
in a stationary ball) which has been so impoverished 
of alloying elements by ‘coring’ as to be almost 
completely ferritic. The dark-etching outlines of the 
dendrites denote regions to which the alloying elements 
have segregated. ‘The vibrated counterpart of the bal! 
in Fig. 23 exhibits a much more uniform distribution of 
ferrite (Fig. 24), and a simultaneous reduction in the 
proportion of dark-etching, segregated regions which 
outline the dendrites. This is taken to be a direct 
consequence of the higher surface area per unit- 
volume of the equiaxed crystallites, which favours 
the elimination of segregation and coring by facilitating 
diffusion of elements from the enriched interdendritic 
regions into the impoverished dendrites. The function 
of surface area in this context is analogous to its 
effect on the rate of cooling of a heated body. In the 
latter case, a high surface area per unit-volume 
promotes rapid outward flow of heat, whilst in the 
former case it promotes rapid inward diffusion of 
alloying elements. The reduction in micro-segregation 
is thus readily explained. The macro-segregation 
produced by vibration is more puzzling, but the 
following hypothesis appears reasonable. In Fig. 25 
sections through a vibrated casting (4 and B) and a 





Fig. 22-—-Porosity at junction of columnar and equiaxed 
dendrites in vibrated graphite-moulded En 24 steel 
ball 14V. Etched in saturated picral 0-5°,HNO, 

20 
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Fig. 23—Cored dendrite exhibiting a substantially 

ferritic structure in ‘ stationary’ graphite-moulded 

En 24 steel ball 14. Etched in saturated picral 

0-5°,HNO, 50 
stationary casting (C and PD) are shown during the 
early stages of solidification (4 and () and after 
solidification (Band D). It is assumed that the retine- 
ment of crystal structure produced by vibration is 
evidence of an increase in the rate of nucleation, and 
of a consequent reduction in the amount of under 
cooling which must occur before solidification can 
begin. The latter contention is supported by the 
literature.!* 





Fig. 24—Reduction in ‘ coring ’ attributable to vibration 
(vibrated counterpart of ball shown in Fig. 23). 
Etched in saturated picral 0-5°,HNO, 50 
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Fig. 


Initially, columnar dendrites grow inwards from the 
surfaces of both castings, the rate of cooling near the 
surface being so great that insufficient time is available 
for many nuclei to be formed, even under the influence 
of vibration. In both vibrated and stationary castings 
initial solidification therefore occurs principally by 
the extension of a few large dendrites 

The presence of a segregated band at the junction of 
columnar and equiaxed zones in the vibrated steel 
balls strongly suggests that the band was one of the 
last regions to solidify. If this is so, it implies 
that a stage is reached when an inner zone, isolated 
by liquid metal from both the centre and the columnat 
rim, attains a temperature at which, under the 
nucleating influence of vibration, solidification can 
begin. Nearer to the centre the metal is too hot to 
solidify, whilst the solidifying rim the 
metal has cooled too rapidly for vibration to produce 
any nuclei. This is illustrated in Fig. 25a. This line 
of reasoning is tantamount to suggesting that, since 
vibration prevents undercooling from occurring in the 
central regions of a casting,!* these regions can start 
to freeze at a higher temperature than the rim, and 


nearer to 


INOCULATION OF SOLIDIFYING ¢ 


Solidification pattern for vibrated and stationary 


ASTINGS BY VIBRATION 











castings 


that solidification therefore proceeds simultaneously 
at the edge and in fina! 
junction of the solidification fronts being the segre 
gated band 

Metal in 
enriched in 


some central region the 


solidification front i 
the case of the 
stationary casting this enriched liquid moves inward 


the 
elements In 


advan e oft 


alloying 


as solidification proceeds, is dispersed in the process 
and, in the solid state, appears as 
In the castings, the enriched 
liquid is trapped by the growth of the 
solidifying equiaxed zone and by the inward growth 
of the columnar rim so that a band of high 
alloying-element content occurs at the junction of 


micro-secregation 


vibrated however, 


outward 
Zone 


Porosity 
in this band is similarly explained when the 
band finally freezes it is virtually isolated from the 
feeder by the solidified regions on either side 

On this hypothesis, a reduction in the general] 
cooling rate should reduce the depth of the columnar 
rim in a vibrated casting, thereby moving the 
gated band towards the surface of the casting 
assumption is substantiated by the 


the columnar zone with the equiaxed zone 


Sines 


SeOTE 
his 


\ ibrated sand- 
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a) Unvibrated 


(b) Vibrate 


. 26—Influence of vibration upon number of spheroids, attributable to 
refinement of primary austenite dendrites 
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moulded castings, which showed neither a columnar 
zone nor associated macro-segregation. 
DISCUSSION 
Three distinct structural modifications, attributable 
to vibration, have emerged as a result of this in- 
vestigation: 


i) Refinement of primary austenite dendrites in 
steel (and also, it may safely be concluded, in cast 
Iron) 

(ii) Refinement of primary carbide in hyper-eutectic 

white cast iron 

(iii) Graphitization during solidification of cast iron. 
Each effect may be attributed to an increase in the 

nucleation-rate of the specific phase or phases. In 

(i) the vibration may deflect the austenite dendrites 

from their normal, radial path, thereby causing 

impingement of neighbouring dendrites and conse- 
quent interference with (or cessation of) their growth. 

Further solidification would then entail the nucleation 

of more dendrites. Alternatively, or additionally, 

tensile waves caused by reflection of the vibrations 
may actually shatter dendrites larger than a certain 
critical size. Similar arguments can be applied to 

explain observation (ii). 

Effect (iii) is equivalent to an increase in the rate at 
which the stable iron-graphite eutectic is nucleated. 
In hypo-eutectic irons this may be partly due to the 
prior production, by vibration, of small austenite 
dendrites having a surface area greater than that of 
the coarser dendrites found in ‘ stationary ’ castings. 
One preferred site for nucleation of the iron—graphite 
eutectic is the dendrite/melt interface, and, by in- 
creasing the area of this interface, vibration should 
favour an increase in the rate of eutectic-nucleation, 
(Fig. 26). This effect cannot be invoked to explain the 
behaviour of vibrated, hyper-eutectic castings, since 
they contain no austenite dendrites. In such cases 
vibration causes the primary carbide to be replaced 
by primary graphite, and also favours the formation 
of the iron-graphite eutectic. Both effects must be 
mainly due to an increase in the rate at which nuclea- 
tion of the appropriate phase occurs from the liquid 
metal, and in this respect the effects of vibration 
resemble those of the more conventional inoculants, 
such as ferrosilicon. An increase in the rate at which 
the iron-graphite eutectic is nucleated from the liquid 
metal is probably produced also by vibrating hypo- 
eutectic irons, supplementing the effects produced by 
the increased surface 
referred t 


irea of the austenite dendrites 


above 
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iS 20 
RADIAL- GROWTH RATES 


Diagram to illustrate proposed theory of eutectic solidification (see text) 
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The mechanisms of eutectic-solidification in cast 
iron, especially the effects of cooling rate and inocula- 
tion, are not properly understood. The observations 
reported in this paper re-emphasize this lack of 
understanding and have prompted an attempt to 
formulate a complete description of the eutectic 
process in terms of three parameters: nucleation rate 


The 


growth rate, and rate of heat abstraction. 
development of this concept is discussed below. 
Proposed theory of eutectic solidification 
Solidification proceeds by nucleation and subse- 
quent growth of cells. Many similar mechanisms have 
been analysed by previous workers and have been 
described, by means of equations, in terms of their 
nucleation- and growth-rates. In the mathematical 
techniques employed for such cases, however, iso- 
thermal conditions are commonly postulated. These 
methods cannot be used for the analysis of the 
eutectic process, in which temperature is a variable. 
For the sake of simplification, heat abstraction is 
approximated by a discontinuous process, in which the 
casting, having remained at temperature q for time 
At,, cools instantaneously to a temperature Aé@ 
lower, where it remains for a further interval of time 
Consider unit volume of a solidifying iron casting of 
eutectic equivalent-carbon content. The number of 
eutectic cells nucleated during a brief interval of 
time, At,, will be 
ANg = Aly Vy Neg 
where V, is the fraction of the total volume which is 
liquid, NV, is the number of nuclei which form in unit 
volume of liquid during unit time, and gq is the tem- 
perature at which the measurements are being made. 
As solidification proceeds, the cells will grow. If it is 
assumed that each cell grows triaxially and that all 
cells, at all stages of growth, are geometrically similar, 
then the volume occupied at temperature r by a cell 
nucleated at temperature q will be 


q 1% 
Kix G, At, 
r 


where At, = time spent at temperature 7, K is a 
constant depending on the shape of the cell (K 7/3 
for spherical cells), G, = the growth of the cell in a 
specific direction, per unit time, at temperature r. 

Hence the change in volume of a eutectic cell during 
the time interval At, at temperature r is 


q ( ] q 
K | (3 G,At,)? — (3 GpAty)? AV,, 
a r—1 











GITTUS 
and the total change in volume, due to all cells 
nucleated at temperature q, is 

: . q 

AN, AV», (r-1) 


However, only that part of this growth which occurs 
in the liquid results in an increase of the volume of 
solid. Hence, the true increment is 


¢ 


7 
V,ANQAV,, (r—1) 


where J’, is the fraction of the volume which is liquid 


at temperature r. 
The total volume increment, 
therefore 


1 
cells, 


due to all 


Og 0 


VrANGAV,, (r—1 


r rq r 


To establish At,, the time supposed to be spent at 
temperature 7, it is assumed that the time spent at a 
temperature depends on the mass which solidifies at 
that temperature, and upon the rate of heat abstrac 
tion: 


At, Ato Ky( Anu, i a) 


Where At, is the time spent at a specific temperature, 
immediately before solidification, A; is a constant 
(proportional to the latent heat of solidification) and 
Am;,—,) is the closest available approximation to the 
mass solidifying at temperature r. 

The smaller the temperature interval, A@, the 
less is the error resulting from using this expression. 

Expression (1) has been evaluated serially for 
specific values of the nucleation and growth para- 
meters. Unit change in the value of equation (1) 
was assumed to correspond to a volume increment 
of 10°, whilst K; was set at 100. The premises and 
results are shown in Fig. 27. Curves VM and N show 
the hypothetical variation, with temperature, of the 
nucleation-rate per unit volume of liquid metal for the 
iron-graphite eutectic in the inoculated and uninocu- 
lated states. Curve O applies to the iron-cementite 
eutectic. Curves P and Q show the hypothetical 
change, with temperature, in the radial growth-rate 
of the iron-graphite eutectic for the inoculated 
and uninoculated states, and # is the growth-curve 
for the iron-cementite eutectic. Eutectic 
whether of iron graphite or iron—cementite, are 
assumed to be spheroidal. Insertion of the values 
derived from these curves in equations (1) and (2), 
gives the temperature ranges over which solidification 


cells, 
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These are shown by blocks S, 7’, and UU. 
it is that inoculation 
raises the temperature of solidification, widens the 
temperature range solidification 
and increases the proportion of iron-graphite eutectic, 
at the expense of the iron Com 
paring 7 and l rate of 
heat-abstraction lowers the solidification temperature 


will oceur 
Comparing S and 7 seen 


over which occurs 
cementite eutects 
, it is seen that increasing the 
of the inoculated iron and suppresses solidification of 
the iron-graphite eutecti 

These simple examples, which are supported by 
pra tical observation, tend to confirm the validity of 
Che method of calculation is a 
For 
with data collected 
istings 


the proposed model 
very powertul one and can be used in othe rways 
example, by 
from 
solidification 
of VN and G 


formation diag 


working backwards 
observations upon « 
it would be pos 
and hence to plot the isothermal-trans 


ram for the eutectr 


quenched during 
sible to derive the values 


reaction 


CONCLUSIONS 

The structures of 2}-in. dia. cast-iron and cast-steel 
balls which solidified in moulds vibrating at LOO « 
with an amplitude of about 0-050 in. have 
studied. The conventional columnar structure of the 
austenite dendrites in steel and the primary carbides in 
hyper-eutectic white iron are largely eliminated by 
vibration. The former are replaced by equiaxed 
dendrites, the latter by carbide platelets of random 
orrentation 


he en 


Magnesium-treated cast iron, which would normally 
be substantially carbidic 
vibration to give spheroidal vt iphite 
silicon content is less than 0-2' 
into a chill mould. 

Vibration, during solidification, of 
24-type steel markedly reduced 
but produced a thin band of macro-segregation some 
distance from the cast The position of this 
band varied with the rate of solidification. By casting 
into a vibrating sand mould instead of a chill mould 
the solidification rate was reduced and the seg 
band was eliminated 

A theory is proposed to explain the general pheno- 
menon of inoculation in iron castings. 


can be graphitized by 


even when the 
, and the metal is cast 


a chill-cast En 
micro-segregation 


surtace. 


regated 
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The new medium-section mill at the 


Cleveland Works of Dorman Long (Steel) Ltd 


By |. Harrison and V. Stephenson 


THERE ARE SEVERAL mills in the UK. with roll 


centres 18-23 in. and weekly outputs of about 2 500 


tons, producing sections from 5 to 15 Ib ft The 
Dorman Long medium-section mill at Cleveland 
Works with roll centres of 26in. is designed to 


produce a range of sections up to 201b/ft with an 
estimated output of 4 000 tons per 17-shift week. With 
this tonnage in view the finishing department is highly 
mechanized for rapid sorting and despatch. 

The mill four stands, a 3-high roughing of 
30-in. centres, two 3-high intermediate stands of 
26-in. centres and a 2-high finishing, also of 26-in. 
The intermediate and finishing stands are 
the second 
intermediate and finishing mills being coupled for 
drive from one motor. The roughing mill is located 
some 140 ft ahead of, but off-set from, the first inter- 
stand. Transfer to the first intermediate 
by floor skids 
furnaces are designed to 
ranging from 6 in 


has 


centres. 


in line across the mill, with two drives, 


mediate 
roller gear i 
The 


blooms 


21 -ft 
Sin, 


reheat long 
6 in. to Sin. 
which, for most of the sections, give rolled lengths 
between 200 and 300 ft. The roller tables at each 
stand are of ample length, so that the mill floor never 
limits the length of bar which can be rolled. 

The saw track will accommodate bars up to 300 ft 
long, allowing the use of full-length blooms and giving 
about 1 ton per bar on 6-in. blooms and 2 tons per 
bar on 8-in. blooms, 

The roll pass layout is for 14, 12, or 10 passes; 14 and 


12 pass orders have 7 or 5 passes at roughing, 3 at 
each intermediate, and one in the finishing rolls: 10 
pass orders have 5 passes at roughing, 2 at each 
intermediate and one in the finishing rolls 
The sections rolled are as follows 
B.S. channels fin. x 2in. up to Sin. 34 in. 
Equal angles shin Se. 5 «OM. 5 in 
Unequal angles 34 in 3 in co: ie fin. 
Joists 3 in. 3 in sf tin. 
ind including 6 in. 1} in 
\ corrugated crown-tree section for use with colliery 
arches is also rolled 


Manuscript received on $ 


The authors are with Dorman 
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SYNOPSIS 


The medium-section mill at the Cleveland Works of Dorman 
Long (Steel) Ltd is designed to produce structural sections we 
up to 20 lb {ft at a weekly output of 4000 tons 


i 3-high 


mills of 26-in 


ighing 


There are four 


mill stands roughing mill of 30-in. centres. two 3-high inter 
mediate centres, and a 2-high finishing mill also of 
26-in. centres. 

\ feature of the millis the continuous flow of bars from the saws to 
dispatch The two saws have push-button controlled 


keep with the 


extensive cooling and sorting banks facilitate the 


easuring 


gear of original design, to pace mill output, and 
grouping of cus- 
loading into 


1643 


tomers’ orders before roller-straightening and direct 


wagons. 


The bar-handling equipment isdesigned to eliminate 
the use of tongs, bars, and forks in normal working. 
Che roughing-roll designs are arranged so that turning 
up for edging passes is done at the front side, where a 
Freimel manipulator is provided. At the back side of 
the roughing, a bar traversing mechanism is incorpor- 
ated with the lifting table 
only one movement of the traversing mechanism as 
the early passes are double drafted 

At the two intermediate stands, bottom pass entry 
side, the lifting tables 
Manipulation between 
passes 1n the same stand is by deflector pl ite: transter 
between stands is by floor skids 

The mill simultaneous 
rolling of a bar in each stand, that is, four bars at once 
in the mill (Fig. 2). The mill is operated by five con- 
trol drivers manipulating the bars without assistance 
from the mill crew. There is a contro] station at each 
side of the roughing mill, two at the front side of the 
finishing train, and one operator controlling the two 
lifting tables and the floor skid on the back side of the 
intermediate mills. 


Kach bat rolled requires 


is again at the front or furnace 
being at the back or saw side 


arrangement allows for 


To give operators a clear view of 
the entry guides, their control pulpits are cantilevered 
the mill roller tables. From the finishing rolls 
through either of two 
cooling, and straightening lines 

The two saws are situated 345 ft from the finishing 
rolls at opposite sides of the twin saw track. This 
saw track is common for the first 40 ft from the rolls 
and then divided, each section being controlled from 


the appropriate saw pulpit. The saw 


ovel 


bars can be routed sawing, 


' 
s take iternately 
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TABLE I 

: . . . “ fj 
Dimensions of new buildings fy 
-— —— - / 





Height to 














Span Length . j 
~ F crane rail Cranes j 
ft in. ft in. ft in. f 
j ad 
Bloom bay 120 0 349 0 24 2 7 tons ’ | 
Mill bay 90 «0 417 6 36 «(60 160 15 and 30 tons ij = " 
Roll shop 40 0 332 0 21 3} 10 tons 
Cooling bay 120 0 585 0 24 3 10 tons ; ; 
. s 5 - 
Loading bay 86 6 1129 0 24 2 3 at 10 tons ti | 
3 
. 2 ? zs w . 
rolled bars, diversion to the required saw being 5 Bois 
automatic, Saw measuring is by push-button con- i net af 
trolled measuring beam, carrying four stopper heads. i? 1i- H 43 
° : ° 1! ; io: 
After sawing, the bars are cooled on reciprocating { . —* 
primary cooling banks and are sorted into orders on | aE Br 
secondary banks before roller straightening. These \ oF j wae 
cooling and sorting banks necessarily include a BF: 
high degree of mechanization for the rapid sorting i>. 
and straightening operations. The two roller 5 jy: 
straightening machines feed directly to loading banks ‘ = = 
ready for immediate despatch < . ae = 
: { DE qf = 
Mill equipment ; 1 & 
sriefly the mill equipment as shown in Fig. 1 consists é f= o 
. i 45) ? 
o oA 
p | ‘ 
Two reheating furnaces, each rated at 45 tor } E } = 
One 30O-in. centre three-bigh roughing stand witl pes Be) = 
Freimel-type manipulator and lifting table , 2 z 
Two 26-in. centre three-high intermediate stands with i = 
lifting tables br: 2 —_ 
One 26-in. centre two-high finishing stand $3 = - 
Two hydraulically operated saws with push-button é : 3 
operated measuring geat ze =) 
Iwo finishing lines, each consisting of: t 1 | = 
One reciprocating-t ype primary cooling bank divided » 3 
| ; : Rs - 
into two sections » = z = 
Four sorting banks . ES 2 
One 26 in. roller-straightening machine it % > 
Two loading banks. 7 : 7 t a & 
Site and buildings } ’ = 
The site chosen for the medium-section mill was ——- f ch 
made available within the Cleveland Works bound | a it - 
ary, when the new Tees Dock Road was built on the ’ a: 
east side of the site. The new buildings are listed in | 2, Ss 
rn = = i 
lable I. _ ° he sR 
. . + 4 wr ~ = ‘= 
All these buildings have Mansard roof trusses with | 3 a ts rs 
the exception of the bloom bay which is an extension | >t 5 a "| Sat 59g Me 
A : > : : rw ~- x sath : ‘ 
of an existing pitched-roof building. The Mansard t = . ype +7 
° ° vs + B+ 
roof trusses include lighting access walkways and ae ret 
vlass-cleaning trolleys for easy cleaning of the inside | ame f° \s - 
of the roof glass. General access about the mill is | . (<3 5 
improved by having ground and elevated walkways ert 4 
. x | . : 
passing between stanchion legs. . ¢ 
Road access is provided into each mill building 5 5. 4 ry 
from a new works road on the east side, this road : ae’ |i 
starting from a new works entrance near the north Lc : 
end of the mill and joining existing works roads at _ fe i 
the south end of the mill. (——wero ps igs i 
The existing railways were not adequate to handle ~ a. ber 3 of 
the increased rail traftic and modifications and exten- [OF iu 
. a 2 _ 
sions were necessary, which included resiting weigh- ee ene 
bridges and building a bridge over a spur road con- hated is 4 
necting with the Tees Dock Road. The exchangs . 4 
1 $ 


sidings to British Railways were also extended 
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Fig. 2—View of roughing mill with finishing train in the background 


ROLLING MILL EQUIPMENT temperature control is by roof pyrometers regulating 


k the air and gas flow. Air/gas ratio and furnace 
Reheating furnaces ; 
pressure are also automatically controlled. 
The two 3-zone reheating furnaces (Fig. 3) are Phe furnaces require 2 500 gal/min of clean water at 


each rated at 45 tons/h, using a mixed blast-furnace 40 1b/in®, normally supplied by an electrically driven 
and coke-oven gas of calorific value 170 Btu/ft®. pump. In the event of pump failure, a 100-hp 
The combustion air is preheated in needle-type diesel stand-by pump is brought into action by a 
recuperators. Each furnace is 53 ft long with a pressure switch in the furnace feed-supply main. 

width between side walls of 24 ft allowing a maxi- teturn water from the furnaces flows by gravity 
mum hearth load of 150 tons. The burden is carried from the tundishes to a hot sump and then is pumped 
on water-cooled skids extending through the heating through forced-draught coolers to a cold sump for 


zone and on a solid brick hearth in the soaking zone. recirculation, the whole system being separate from 
The main heating zone has 7 top and 5 under the other mill water systems. 
burners, the soaking zone 7 end burners. Furnace A chain feed bank, located in the bloom bay and 


+ 
aa Crs: Ae ee | ee 





Fig. 3—Discharge end of reheating furnaces 
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Fig. 4—Front side of roughing mill 


loaded by magnet crane, feeds both furnaces. The 


bank incorporates 4 chains with ducking fingers, 
which deposit groups of 4 blooms on the furnace 
feed roller gear. 

The furnace hydraulic system works at a pressure 


up to 3 500 Ib/in? which is equivalent to a pusher 


thrust of 100 tons. Included in the system is a 
booster pump which provides rapid movement under 
light load conditions and cuts out at a pressure of 
1 500 Ib/in?. 
Roughing mill 

The roughing mill approach and working roller 


tables consist of lineshaft driven rollers of 7 ft 
barrel length. The Friemel manipulator located 


12 ft from the mill centre-line consists of a carriage 
traversing the front of the mill and mounting 
one vertical driven bobbin and one inclined bobbin, 
the inclination of which is adjustable to accommodate 
varying bloom sizes, Each bobbin has independent 
vertical movement to achieve turning of the bloom 
(Fig. 4). 

The roughing mill rolls have a 7-ft barrel length; 
the roll necks are 18-in. dia. and 18-in. long and run 
in fabric bearings. The screwing adjustment for top 
and bottom rolls is via ratchet shaft and worm 
gearing. 

The middle roll bottom chock rests solidly on a 
ledge on the housing. The middle roll top chock is 
held down by screwed wedges fitted under the housing 
cap, the distance pieces between chock and housing 
cap being slabs which also form wearing plates for the 
top roll bearings. The top roll assembly is held up to 
the screws by spring-loaded linkage from the housing 
cap. Roll end adjustment is by means of a tie-bolt 
between hinged clamps. 
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Fig. 5—-Back side of roughing mill showing lifting table 


and bloom traverse gear 


The mill is driven by a 2 000/4 000-hp motor on a 
d.c. supply with variable speed control and inching 
reversing facilities. The motor speed range is 375 
750 rev/min giving a range of roll speeds of 55-110 
rev/min, the three-high pinion housing being driven 
through a reduction gear 
with the stored 
rev min 


incorporating a fly wheel 
energy of 1-58 10° ft-lb at 375 
The mill spindles have universal couplings 
at the pinion end and wobbler boxes at the roll end. 
The electrically operated lifting table on the back 
side of the mill is 30 ft 
shifting device for the blooms on. the 
table (Fig. 5). The roll design is arranged so that all 
turning is done on the front side of the mill 
The bloom shifting device has two movements : 
of the 


long and includes a bloom 


traversing 


i {otation about the centre-line 
or ambush the fingers 

(ii) Traversing across the 
movements 


shaft to raise 


lifting table roller gear, both 
transmitted through a single shaft 
from separate drives mounted on the floor along 
side the table. 
The rotary movement which raises and lowers the 
fingers is through 
and connecting 


a worm reduction box with crank 
rod. The drive for the traverse 
movement is through spur reduction gear and nut 
giving lateral displacement of the screw shaft 

Main drive electrics 

As mentioned previously the roughing mill has its 
own main drive motor. The first intermediate mill 
also has its own motor whilst the second intermediate 
and finishing mills are coupled to a single motor. 

The three main drive 
pound-wound d.c. machines each rated at 2 000/4 000 
hp. The supply for the motors is from grid-controlled 
steel-tank pumpless mercury-are rectifiers via links on 
the main control board which 
give: 


motors are identical com- 


can be arranged to 


i) Normal working when each motor is fed from its 
own rectifier, or 
it) Common working, when in the event of failure of a 
rectifier all the three motors can be supplied in 
parallel from the remaining two rectifiers. 
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Fig. 6-—Intermediate and finishing train 
The motors are first brought up to. base speed of 
375 rev/min by increasing the voltage to maximum 
by means of the grid control and further speed in- 
creases to the selected rolling speed, within the range 
375-750 rev/min, is by field weakening. The electronic 
magnetic amplifiers which form part of the grid con 
trol equipment serve to detect and compensate for 
The 


speed range on the first intermediate mill gives a 


any voltage decrease when a bar enters the rolls 


variation in roll speed of 65-130 rev/min whilst 
the drive to the second intermediate and finishing 
mills gives a range of S0-l160rev/min~ which 


corresponds to a finished bar speed between 550 and 
1 100 ft/min. 

The responsibility for speed selection on all three 
main drive motors is in control of the mill operators. 
The starting-up procedure is that electricians first 
make alive the rectifiers and close-up the d.c. control 
supply to the main board in the substation after which 
The main motor 
cabinet is mounted adjac ent to the other mill controls 
at the control point. 


control passes to the operators. 


Intermediate and finishing mills 


All the three mill housings are similar 26-in. centre 
3-high stands incorporating fabric bearings (Fig. 6). 
In the finishing stand, where there is only a single 
pass, the top roll serves only to carry the drive 
across to the top roll in the second intermediate 
stand. 

Each of the two mill drives includes a vertically 
split pinion housing, half of which, complete with 
pinions and bearings, can be lifted out as a unit. The 
driving spindles are supported in spring-mounted 
carriers and have universal couplings at the pinion 
ends with wobbler boxes on the roll ends. The univer- 
sal couplings are enclosed with the pinion housing 
and lubricated from its oil system. 

There is screw adjustment for top and bottom 
rolls, the top roll assembly being held against the 
top screws by tie-bolts hung from springs on the hous- 
ing cap. The middle roll chocks sit on ledges in the 
housing windows and are held down by screw wedges. 
Before these wedges are tightened the 


two middle 
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looking back towards the roughing mill 


chocks are shimmed apart to allow a flow of: cooling 
water at the bearing surface. 

Bearing life in the mill has been very good and ove 
a period of 15 months no bearings have needed 
changing in the roughing mill, and only very few have 
been changed on the intermediate and finishing mills. 

The two intermediate mills have electrically opel 
ated lifting tables on the back side. each of which has 
a deflector for moving the 
pass. 


bloom across to the next 
This deflector consists of a hinged plate which 
is lifted by the bar coming from the mill and drops to 
form a deflector into the next pass. 
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Fig. 8-Layout of water systems 
On the front side of the two intermediate mills, These skids, as all the mill and cooling bank rope 


the bar emerging from a top pass is carried in a chute 
over a stationary nosepiece which deflects the bar into 
the subsequent bottom pass (Fig. 7). These deflectors 
dispense with man-handling or mechanical skidding 
between passes at the same rolls. 

To facilitate rapid changing, four spare mill hous- 
ings are provided. The roll change area includes roll 
stocking racks, guide shop, and guide stocking area 
and is serviced by a small semi-goliath crane in addi- 
tion to the mill The semi-goliath 
allows guide setting to be done without 
main roll-change cranes. 


cranes, crane 


using the 

During roll changing each mill housing, complete 
with rolls and tackle. is lifted from shackles on the 
housing cap by the 100-ton mill crane and carried 
into position. 

The roller tables on both sides of the intermediate 
ind finishing mills of individually 
rollers mounted with variable-speed motors 
motors are a.c, 


consist driven 
These 
squirrel-cage induction motors fed 
it low frequency from converters in the main sub- 
station. In the case of all roller motors from the 
second intermediate ingoing to the primary cooling 
banks, the supply frequency and consequently the 
speed can be varied within range to give a roller 
peripheral speed similar to that of the main stands. 
This selection is made from the control stations. 

A further point of interest is that the motors are of 

floating ’ construction, i.e. mounted on the extended 

roller shaft, the stators being prevented from revolv- 
ing by means of a flexible tie-bar. This protects the 
motors against damage when the rollers receive heavy 
impacts. 

On the front side of the mill are two sets of floor 
skids of the ducking finger type, one set controlled by 
each of the two front-side operators. On the back side 
of the mill is a single set of skids for transferring 
between the first and second intermediate mills. 
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skid gear, are driven through fluid couplings by 


mill-type a.c. slipping induction motors. 
Guide tackle 
At the roughing mill 


cast-steel used 
side horns and flat guides for 


for each set of rolls sper ial 
which 
slabbing 


cramp bars are incorporate 

Top 
guides are chain-suspended from a balance arm and 
held down by a short length of billet located in square 


holes in the side 


Passe 


horns. The cramps rest on ledges on 
the housing and are securely fastened by horizontal 
ind vertical wedges at the housing face 

At the stands, the cast 
steel horns are bolted on to plain 1 
which are standard for all sections. The horns are 
fastened to the cramp by at upe red lug at the front and 
a wedge-headed bolt at the back. both fitting matching 


intermediate and finishing 


side imp bars 


tapers on the cramp, so that each horn is secured by 
one bolt The side horns for delivery are haped to 
form stops for the heels of the bottom guides and 
include holes for securing top guides. In the case of 


joists where top web and flange guides are required 


combination guides are used. The flange guides are 
pivoted on a spindle passing through the web guide 
and are made tail-heavy to hold them to the roll. 


Water systems (Fig. 8 


i) Furnace cooling-water system (previously des 
cribed) is completely separate from the other two 
svstems 


ii) Filtered water system for roll necks and barrels 
iii) Flushing water system 


Roll necks and supplied with 2 000 
gal/min of filtered water pressure of 50 lb/in? 
Pumps draw the water from settling ponds and pass it 
through four pressure filter units. These units con- 
sist of 20 ft-dia. elevated cylindrical tanks, each 
with a 30-in. thick layer of wood wool. ‘The flow of 
water is upwards through the filter layer leaving 


barrels are 
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Fig. 9—-Hydraulically operated saw measuring gear 


(looking towards finishing mill) 


behind any suspended scale etc. The four tanks 
mounted the pump house form a reservoir 
which, in the event of pump failure, allows time to 
clear the mill before shutting down. To clean the 
filter layer the full tank is allowed to drain, giving a 
reversed flow through the wood wool and removing 
adhering scale. From the mill stands the water flows 
along the scale flumes into the scale pit. 

Water for scale flushing is taken direct from the 
settling pond by two pumps delivering 2 500 gal/min 
at 20 lb/in®. The water is delivered to end points in 
the flumes beneath the mill stands and roller tables 
and flushes down to the scale pit. 

The scale pit is divided into two sections to allow 
scale settlement. The mill water (which includes neck 
and barrel water) first discharges into a concrete tank 
wichin the scale pit. This tank, some 15 ft square 
three 
sides, giving a very slow flow of water, allowing scale 
to settle in the tank, from which it is removed periodic- 
ally by means of a grab. 

The water passing over the weir flows into a deep 
sump from which it is pumped back to the settling 
ponds for recirculation, the pumps being controlled 
by water-level electrode switches 


above 


and 9 ft deep, allows water to weir over on 


Hot sawing equipment 

The runout from the finishing mill divides into two 
roller tracks feeding the two saws alternately. An 
air-operated deflector-switch arm is located at the mill 
end of the twin roller track. A photo-cell working 
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in conjunction with solenoid-operated air valves, 
causes the arm to swing over after the tail end of a 
bar has passed. An over-riding manual control fot 
the deflector switch is provided in the saw pulpits. 

The saws are of inclined sliding type with 54-in 
dia. }-in. thick blades, with a saw speed of 1 500 rev 
min. The saw traverse is hydraulically operated 
giving a cutting stroke of 5s. Crop disposal is by 
hydraulically operated dipping tables discharging 
into a common chute and crop pit. A hydraulically 
operated gate holds the crops in the chute while the 
crop pan is being changed. 

Working in conjunction with each saw is a unique 
hydraulically operated measuring beam, (Figs. 9 and 
10) capable of positioning bars for cutting lengths 
from 10 to 50 ft. Each beam is built from heavy slabs 
and carries four air-operated stoppers. Traversing is 
done hydraulically, with two cylinders mounted on 
each beam, working in conjunction with fixed rams. 

The saw measuring-beam arrangement gives push- 
button selection of stopper position for every inch 
from lO ft to 49ft Ilin. with adjustable varia- 
tions of contraction allowance between | in. and 2 in 
per 10 ft. The beam and beam movement are 
graduated to include the average contraction allow- 
ance of 14 in. per 10 ft Oin. In the following descrip- 
tion, all dimensions have been reduced to the equiva- 
lent cold bar condition, i.e. a dimension stated as 
10 ft Oin. is actually 10 ft 14 in. 

The beam carries four stoppers spaced at 10 ft 0 in. 
and has a total movement of 9 ft 11 in. so that stopper 
selection gives the tens of feet and the remaining 
feet and inches are obtained by a selection of the beam 
position. The first stopper with zero beam movement 
is 10-0 ft from the saw blade. Oil hydraulic power is 
supplied by variable-delivery pumps, located in a 
separate pump house (Fig. 11). Direction, rate of oil 
flow, and hence beam movement depend on the 
inclination of the tilting block or swash plate in these 
pumps. Three factors, working through differential 
gears, control a screw-and-link mechanism which, 
powered by a servo ram, gives the required inclination 
in the pump. These factors are, first, a pilot motor of 
which the revolutions correspond to the pre-selected 
beam movement required; second, an auxiliary pilot 
motor of which the revolutions correspond to the 
contraction allowance adjustment over or under the 
average; third, the actual beam movement which is 
measured off through a pinion driven by a rack on the 
beam itself. Thus, movement on the pilot motor 
through the differential box tilting block 
inclination in the variable delivery pump, which 
moves the beam. This beam movement through the 
rack and pinion cancels out the movement of the 
differential box so that when the pilot motor stops, the 
inclination in the pump returns to zero and the beam 
stops. Hence, the beam position is controlled by the 
pilot motor. Incorporated with the positional control 
is a speed control, the beam having three speeds, top 
speed 40 in./s, medium speed 16 in./s, and ‘ creep’ 
Length selection is by push button, operating through 
two rotating contact units which control the pilot 
motor. 

When the beam is in the correct position, the 
selected stopper is dropped and once the stopper is 


causes 
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Fig. 11—-Hydraulic pump house for saw measuring gear 
down the selection is locked. The sawman is then 
free to select his next required length on the push 
button desk, while the driver runs the bar up to the 
stopper and makes the cut. Lifting of the stopper 
cancels the former selection and the beam immediately 
moves to the new selection. 

Each located in a pulpit 
positioned on either side of the measuring beams and 
works at a desk containing the push buttons for 
beam positioning. Working in conjunction with the 
the saw driver who has controls for in- 
coming and outgoing roller gear. dipping crop tables 


sawiman Is separate 


sawman 18 


saw stroke, and stoppers. 

The sequence of operations Is as follows the saw 
driver runs the bar up to the saws, saws off the crop 
and disposes of it by the dipping table. Meanwhile, 
the sawman selects the cutting length on the push 
buttons the stoppers are all in the * up’ 
position, the beam moves to the selected length. The 
driver then operates the stopper ‘down’ switch and 
the sele cted stopper drops The sf le« tion is now loc ke dl 
and the sawman is free to select his next length on the 
push buttons. The driver now operates the saw and on 
completion of the cut, he operates the saw return 
switch which also raises the stopper. As the stopper 
lifts, it operates a relay to release the selection locking 
ettect 


and as 


relays and immediately the new selection takes 
Finishing department 


The main feature of the finishing de partment is the 
ontinuous flow of the bars from the saws to despatch 


Fig. 12 
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Fig. 13—-Thrustor-operated skid carriage for primary 


cooling bed 
through the stages of cooling, grouping into complete 
orders, and straightening 
The flow of | from 


separate routes, as follows: 


is the two saws proceed on 


No. 1 No. 
Primary cooling bank No. 2 Primary cooling bank 
and 2 sorting banks No. 3 and 4 sorting banks 
Roller straightener No. 2 Roller straightener 
and la Loading banks No. 2 and 2a Loading banks 


Saw 2 Saw 


No. 


l 
l 
, 
| 
l 


Before proceeding with the description of the plant 
the working should be The 
emphasis is now on the completion and despatch of 
the sorting banks 
to that the bars reach the straightening 
machines in complete to facilitate 
loading. The stocktaking system depends on the 
coding of customers’ orders, that is, before the start of 
all the orders are sorted and the sheets 
marked with code numbers fot y identification, 
thus the sawman, hot bank stocktaker, straightening 
machine stocktaker, and loading stocktaker each have 
copies of the coded order sheets. The sawman cits one 


system of explained 


customers’ orders and are used 
ensure 


orders qui k 


a rolling 
easy 


main code using one or two other codes as savers to 
ensure minimum cutting of scrap at the back end of a 
The hot bank | 


stocktaker have 
previously discussed their cutting programme 


har sawman and 
so the 
to him 


Savers are 


stocktaker recognizes the bars as they com 
and marks each bar with its code number. 
indicated by a signal over an intercommunication loud- 
speaker system and various messages such as, * Com- 
pletion of order 

Normally, the operator pushing the bars off 
roller 


two halves of the bank alternately while on the main 


are gviveh ovel this system by the 
sawman, 


the saw gear on to the primary bank, feeds the 


General view of primary cooling beds 
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Fig. 14—Thrustor skid carriages at cold side of primary 
cooling bed 


code, and puts all bars of the saving codes on one 
half of the bank only. Thus, when the bars reach the 
take-off end of the primary bank, any two bars in line 
are of the same main code, whereas single bars are 
savers. 

The operator on the thrustor carriages taking bars 
off the primary bank takes them in groups according 
to code numbers so that any group on the roller gear 
between primary and sorting banks contains bars 


y, Acie 
if fg : rae , ‘2 con 


Fig. 15 
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Fig. 16—Loading banks 


of one code only. As the groups run down the roller 
instructions sent by electrical indicator 
panel to the sorting bank operator who skids the 
bars on to the appropriate sorting bank. Thus main 
code orders are pushed down the main sorting banks 
and saving orders on to the secondary banks. When 
the last bars of a saving order arrive at the sorting 
banks they are skidded off on to a main sorting bank 
and the bars of the same code on the secondary 
bank are transferred across the roller gear to join them. 
By this system, bars of one code all follow through 
the roller straightener and go on to one loading bank. 
The machine stocktaker checks the bars coming 
through the machine according to the codes, and 
paints on them the length and other customers’ marks, 
and the bars are made into slings and so complete 
loads are made up and despatched without delay. 
The twin loading banks can be used for additional 
sorting, but normally one bank is used at a time, 
that is, loading from one, while the other is being 
filled. 

The description of the plant in the finishing depart- 
ment follows. 


year, are 


Transfer equipment in sorting banks showing solenoid and thrustor skid carriages and chain conveyor 
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Primary cooling bank 

After being sawn, the bars are run on to the primary 
cooling banks (Fig. 12). Normally, each saw feeds its 
own cooling bank, but the knock-off skid gear on the 
first bank is arranged so that it is possible to feed bars 
to this bank from either saw. 

Each primary bank is 90 ft wide with a distance 
of about 115 ft between the centres of the saw runout 
roller gear and the cold side roller gear. 

The 90 ft width of each bank is divided into two 
sections allowing two streams of 40-ft long bars to 
pass down each bank, the two streams being directed 
by disappearing and dead stops set in the saw runout 
roller gear. 

The bars for each half cooling bed are swept off the 
saw runout roller gear by skids, a separate set feeding 
each half bank. These skids consist of wheel-mounted 
carriages with solenoid-operated fingers for clearing 
the roller gear and ducking fingers for transferring to 
the shuffle bars. The shuffle bars, which cover the 
whole 90 ft bank width on a single drive, consist of a 
series of ducking fingers mounted in reciprocating 
beams. The fingers extend from the hot-side roller 
gear to a line 18 ft from the cold-side roller gear, 
thus allowing an area for grouping bars before placing 
them on the roller gear. The shuffle bars are supported 
on steel balls running in grooved baseplates, and the 
drive through shafts and levers gives a reciprocating 
stroke of 21 in. 

As previously stated, the cut bars have to be kept 


in their order group and this raises the problem of 


taking bars off the bank at the cold side while bars 
are being put on the bank at the hot side. The method 
of taking off bars has to be such that movement of the 
shuffle bars will not affect the grouping of bars on the 
cold-side roller gear, hence a normal ducking finger 
skid would not be practical, and also it is difficult to 
handle cambered bars with this type of skid. These 
difficulties have been overcome by using a skid gear 
incorporating a lifting feature. 

Thrustors are incorporated in the skid carriage, 
the wheel-mounted frame carries three 650-lb thrus- 
tors which lift and lower the carrying platform (Fig. 
13). In the ‘down’ position, the carrying platform is 
below bench rail level and the carriage can travel 
underneath the bars on the bank. The method of 
operation is to run the carriages back into the shuffle 
bar area, stopping the carriages beneath a group of 
bars. The thrustors are then energized and the 
platform lifts the bars clear of the bench rails and 
shuffle bar fingers and carries them to the area clear 
of shuffle bar fingers. After reversing with the plat- 
form down, the thrustors are energized, bringing the 
pushing end of the carriage up behind the order 
group and lifting any additional bars clear of the 
bench rails. The order group is then pushed on to the 
cold-side roller gear (Fig. 14) and transferred to the 
sorting banks. The carriage is then reversed and the 
odd bar or bars returned to the bench rails for handling 
with the correct order group. 


Sorting banks 


Following the primary cooling banks are four 
main sorting banks for handling main orders and 
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four small secondary banks for holding saving lengths. 
A group of bars from any of the four sections of 
primary cooling banks may be fed to any of these 
sorting banks. No. 1 primary cooling bank normally 
feeds nos. 1 and 2 sorting banks, while no. 2 primary 
cooling bank feeds nos. 3 and 4 sorting banks. As 
mentioned previously, each main sorting bank has a 
small secondary bank on the opposite side of the 
roller gear which serves as a holding area for saving 
lengths, holding these savers until their order is com- 
plete at which time they are transferred across the 
roller gear, joining the main flow of bars to the roller 
straighteners. 

Groups of bars are transferred to the sorting banks 
by skid carriages having two _ solenoid-operated 
fingers, the distance between fingers being somewhat 
greater than the length of the roller barrels. The 
carriage is then driven to a position on the sorting 
banks, at which point the operator puts his control 
to neutral which automatically drops the finger and 
returns the carriage to its ambush position in the 
roller gear. This procedure is repeated when placing 
bars on the secondary banks, the controller being 
reversed and position 2 on the selection switch being 
engaged. When transferring bars from the secondary 
banks to the main sorting banks, position 3 is selected 
which allows the carriage to pass under the bars on 
the secondary bank. The carriage is then reversed 
which raises the correct finger behind the bars and 
transfers them across to the main bank. 

Working in conjunction with the solenoid skids 
are thrustor-type lifting carriage skids of a similar 
design to those used on the primary cooling banks and 
whose function is to carry the bars deposited by the 
solenoid skids and place them on a slow moving- 
chain conveyor feeding the roller straighteners 
(Fig. 15). 

Roller straightening and despatch 

The chain conveyor of each pair of sorting banks 
discharges on to skewed roller gear feeding a 26-in 
roller-straightening machine. On the front of each 
straightener is a feeder for assisting vertically cam- 
bered sections into the straightener by forcing the 
front end down and allowing it to pass under the first 
top bobbin. This feeder consists of a small inclined 
apron conveyor, the inclination of which can be 
adjusted to accommodate variation in camber. The 
roller straighteners are 26-in. centre machines using 
built-up bobbins with three top and four bottom 
spindles, all of which have horizontal adjustment. 
The three top spindles also have separate motorized 
vertical adjustment. The machines are driven by 
two-speed 150-hp squirrel-cage motors, through two- 
speed gear boxes giving four delivery speeds ranging 
from 180 to 350 ft/min. Associated with each 
straightener are two loading banks equipped with 
normal ducking skids (Fig. 16). 

There is some stocking ground for finished make as 
required for orders awaiting inspection or awaiting 
shipment directions, but the normal procedure is to 
load direct from the straightening machines. Thus 
the loading bay is an integral part of the mill and 
rapid handling is essential. 
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Comments on the OLP process 


jy B. Trentini, P. Vayssiére, and M. Allard 


OUTLINE OF THE OL P PROCESS 
THE RAPID INCREASE in the use of pure oxygen in 


steelmaking furnaces appears as one of the most 
striking features of the evolution of steelmaking 


processes in recent years, As literature on the subject 
has been reviewed very recently by several authors, it 
is unnecessary to describe again here the different 
processes and techniques of blowing pure oxygen. 

The OLP process (oxygen-lime powder) of re- 
fining hot metal by means of lime powder in suspension 
in a stream of pure oxygen has also been described in 
several publications since October, 1957,* and it is 
not necessary to repeat the details of this process, 
which is a logical development of the systematic 
studiest that IRSID has pursued for several years 
in the field of blowing finely divided materials into 
liquid baths, which led to processes such as the 
desulphurization of hot metal by lime powder, and the 
blowing of lime and iron-ore powders through the 
bottom of basic Bessemer converters. 

The technical details of the O LP process have 
already been published; in this paper only the general 
features and some of the interesting metallurgical 
aspects of the process will be mentioned. 

To date, 30-ton tests have been made on one of the 
normal basic Bessemer converters at the Denain 
steelworks. The usual bottom with tuyeres was simply 
replaced by a tight bottom, and because of its nose 
shape the converter had to be leant forward to in- 
troduce the water-cooled lance. In these operating 
conditions the lance axis was appreciably away from 
the bath centre, the distance from the lining being 
respectively one-third and two-thirds of the diameter 
at bath level (Fig. 1). 

Oxygen of commercial purity (99-5°,) is used in the 
present local conditions under a pressure of around 
90 lb/in® at the bottom of the lime powder dispensers. 
Lime is crushed by a high-speed hammer mill giving 
a product with a grain size of 100°, under 6 mesh and 
50°, under 65 mesh (Tyler). Lime coming from the 
normal bins of the basic Bessemer plant has an 
average percentage composition of: 

CaO SiO,’ 


85-0 3°0 


Fire loss Ss 
10-0 0-12 





Manuscript received on 20th April, 1959. 

Monsieur Allard is Director-General of the Institut 
de Recherches de la Sidérurgie (IRSID), where Monsieur 
Trentini and Monsieur Vayssiére are members of the 
research staff. 
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SYNOPSIS 


Following logically from systematic studies pursued by IRSID 
for several years in the field of lime blowing, the O L P (oxygen 
lime powder) process has been developed on an industrial scale 
Applied to basic Bessemer pig irons this process results in a very 
easy dephosphorization in the presence of carbon and, under good 
economic conditions, in the production of a steel very low in impuri- 


ties such as P, S, and N. 1711 

It should be pointed out that with the OL P 
process lime of very different compositions and 
physical aspects can be used without difficulty. 
Indeed, variation of the ‘reactivity’ of lime, a 
rather vague criterion linked in a general way to 


the rock burning, size, and surface 
aspect, is often the cause of trouble during refining 
using pure oxygen. This drawback does 
not exist with the O L P process because (a) of the 
extremely fine form in which the lime is used, and (5) 
blowing it in an oxygen stream gives a remarkable 
reactivity whatever the nature and composition of 
the lime. 

The extreme reactivity of lime and the ease of 
regulation of concentration in the oxygen stream 
make possible the control of the chemical and thermal 
evolutions of the bath during refining, and allows the 
process to be fitted to hot-metal compositions varying 
in a wide range from hematite high-silicon pig iron 
to high-phosphorus pig iron. 


compat ity , its 


pre CESSES 


TECHNIQUE FOR HIGH-PHOSPHORUS HOT 
METAL 


For basic Bessemer hot metal, the refining tech- 
nique is based on the following principles: 


(i) Blowing of powdered lime with oxygen from the 
beginning to the end of the refining period 

(ii) Adaptation of the lime concentration to hot-metal 
composition, phase of refining, and steel grade to 
be produced 

Removal of one or two intermediate slags, rich in 
lime and poor in iron, which takes away an 
important part of the phosphorus and sulphur 
brought in by hot metal. 


(ii) 


*M. ALLARD and B. TRENTINI: paper presented to 
the Commission des Ingénieurs d’Aciérie Thomas, Paris, 
25th October, 1957: Rev. Mét., 1958, vol. 55, pp. 67-74, 





1195-1208; J. Met., 1958, vol. 10. pp. 166-471: Rev. 
Univ. Min., 1958, vol. 14, pp. 494-500. 
+ B. TRENTINI, L. WAHL, and M. ALLARD: Rev. Mét., 


1956, vol. 53, pp. 388-389; JIST, 1956, 
124-134; J. Met., 1957, vol. 9, pp. 1133 
TINI et al.: Rev. Mét., 1957, 


vol. 183, pp. 
1139; B. TREN 
vol. 54, pp. 147-158. 
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Fig. 1—Location of lance in converter 


No addition of lime is made before the start of 


refining, the only lime in the converter being that 
from the lime dam of the preceding heat. Likewise 
no fluxing agent (spar, bauxite) is added. The cooling 
addition then made can be either scrap or iron ore. 

After tilting the converter, the lance is lowered to 
the required distance above the bath and oxygen 
with lime powder is blown from the beginning. In the 
case of the operating technique with only one inter- 
mediate slag-off, about 1800 ft? of oxygen per 
ton of hot metal is blown during the first phase, 
with a corresponding quantity of lime of 240 lb/ton, 
lime dam included. At the end of that first phase 
the metal bath contains about 0-6%C and 0-2%P 
for a temperature of about 1 600° C. The correspond- 
ing slag is partially slagged off. 

After addition of scrap or ore, depending upon 
temperature, the lance is lowered and blowing of lime 
powder and oxygen is resumed until the desired 
carbon content is obtained. This final blowing time is 
determined from the carbon analysis of the sample 
taken at slag-off, and from corresponding (°% C/ft® 
oxygen) curves. In the case of low-carbon steel, for 
the second and last phase about 500 ft? of oxygen and 
70 lb lime per ton of pig iron are supplied. Owing to 
present local conditions the final slag can be recovered 
only partially for the following charge, with the help 
of a lime dam made just before tapping. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


COMMENTS ON THE O L P PROCESS 


Figure 2 shows an example of the refining of a 
30-ton bath of basic Bessemer pig iron, for which 
chemical evolutions (C, P, 8S) and thermal evolution 
are plotted as a function of the consumption of 
oxygen. This example shows the ease of 
dephosphorization even in presence of carbon, also 
the important desulphurization obtained during 
refining. 

More generally, obtained by the OLP 
process are characterized by their low contents in 
phosphorus, sulphur, and nitrogen. Starting from a 
basic Bessemer hot metal with 1-8°,,P and 0-050°S, 
a low-carbon steel with 0-020%,P, 0-020°%8, 
and < 0-002°,N, is obtained regularly and without 
difficulty. 


gaseous 


steels 


FACTORS CONTROLLING IMPURITIES IN 
FINAL STEEL 

Nitrogen 

It is known that the final nitrogen content in oxygen- 
refined steel depends particularly on the purity of 
oxygen blown. In the present case, only one oxygen 
grade of 99-5°, purity was used, and under these 
conditions the nitrogen content in metal bath at the 
end of blowing was systematically very low: 0-001 
0-002%. 

Three remarks can be made on this point: 

(i) No influence of temperature was found 

(ii) With such a low nitrogen content at the end of the 
blow there was some risk that an appreciable 
pickup of nitrogen would occur during tapping, 
when the metal stream came into contact with 
air. Accurate sampling and repeated analyses 
have shown that this is not so: nitrogen pickup 
during tapping is very low, of the order of 
0 -0003 
In literature there is mention of strong nitrogen 
pickup when intermediate tilting down is made in 
an oxygen top-blown vessel, this increase in 
nitrogen of the order of 0-004—0-005°, being 
due to air entering the vessel. All the charges 
made at Denain have been tilted down at least 
once for slag-off, but no appreciable pickup of 
nitrogen was experienced. 


(iii) 


Evolution of slag composition 

In any steelmaking process, slag composition is of 
primary importance for final steel quality and this is 
still more the case when, from a hot metal rich in 
impurities, steel with very low impurity content is 
required. 

It appears that the refining of hot metal in a dolo- 


mite-lined converter, and without fluxing agents 
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Fig. 2—Chemical evolution (C, P, S) and thermal 
evolution plotted as a function of the consumption of 
gaseous oxygen, 30-ton heat, no. 189 
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such as spar or bauxite has the advantage, compared 
with usual OH practice, of producing less complex 
slags. But even in the case of these more simple 
slags it seems that one of the best ways of studying 
the influence on slag composition is to use ternary 
diagrams. Figure 3 is a typical diagram in which 
the wt-% of (CaO + MgO), (SiO, + P,O;), and 
(FeO + MnO) has been plotted to show the evolution 
of slag during the refining of a basic Bessemer hot 
metal. The approximate positions of the curves for 
saturation with lime and calcium tetraphosphate 
have been drawn, also the miscibility gap for 5° 
silica. 


Zone I corresponds to slag obtained at the first tilt- 
ing down, when carbon content in bath is 0-6-1°%, 
and temperature around | 600°C. 

The slag has the following characteristics: 

(i) Very low in iron oxide: after deducting the MnO 
content (3-5°%,), there is only 5°,FeO for about 
1°%C, and 9-0°%FeO for about 0-6°,C 

(ii) Very rich in CaO: more than 50°, and often more 
than 55°,, so its dephosphorization potential is 
high 

(iii) Poor in MgO: only 1 with a dolomite lining 

(iv) Rich in P,O,: after deducting the SiO, content 

(6-10 °%,) one obtains P,O, of the order of 24°. 


At the end of the first phase, the quantity of such a 
slag is of the order of 325 lb/ton of basic Bessemer hot 
metal. Consequently it is necessary to add lime and to 
dissolve it quickly (about 20 min for the first phase). 

In the OLP process this operation of quickly 
dissolving a large quantity of lime is made without 
fluxes, because lime is added progressively and in a 
very reactive form, being finely divided and carried 
by oxygen itself. 

On the contrary, to dissolve such a large quantity of 
lime when it is brought in by usual means, i.e. in 
lumps, fluxes are needed or great quantities of iron 
oxide must be formed by increasing the distance 
between lance and bath. This last solution is not 
without drawbacks from the point of view of foaming, 
lining wear, and oxygen consumption. 

Moreover, it seems that with this last technique it 
is not possible to reach iron oxide contents in inter- 
mediate slags as low as in zone 1. This tendency is 








Fig. 3—Ternary diagram to show evolution of slag 
during refining of basic Bessemer hot metal 
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shown by comparison of the curves A, B, C, D in 
Fig. 3, obtained by jets of pure oxygen alone, in LD 
tests on high-phosphorus pig iron. 

In a series of new experiments (to be published) it 
will be shown by blowing in the OH lime powder 
with pure oxygen, lower iron oxide in intermediate 
slags could be obtained than with blowing only pure 
oxygen. 


Zone [I in Fig. 3 refers to final slag corresponding to 
extra-low carbon steels. This slag is: 
(i) Rich in iron oxide, about 30 
(ii) Lower than the first slag in P,O, and 
because of slagging off and dilution effect 
(iii) Still rich in CaO, 45-50‘ 


SiO,, 


During the second and last phase, one has still to 
dissolve a quantity of lime in a short time (about 6 min 
at present). The flexibility of lime additions in the 
O L P process again is an interesting feature, assuring 
the final basicity necessary for production of low- 
phosphorus and low-sulphur steel. 


Phosphorus problem 


At the end of the first phase there is no difficulty in 
obtaining a slag rich in P,O, (22-26%), leaving only 
0-2-0-3°,P in the metal bath for a corresponding 
carbon content 0-6-1°. This slag, rich in P,O,, 
with about 8%SiO, and without fluoride has a very 
high citric solubility and is an excellent fertilizer. 
’artial removal of it takes away from the total system 
(slag -+ metal) an important part of the phosphorus 
initially brought in by the hot-metal charge. 

As far as final phosphorus in steel is concerned, and 
considering only low-carbon grades, the two well 
known factors of temperature and basicity of final slag 
are extremely important. By considering a series of 
slags whose composition lies in the same range it is 
easy to show the temperature dependence of the final 
phosphorus in steel, the lower values corresponding 
to the lower temperatures. For example, for a given 
slag composition, values of 0-018°%P are obtained 
at a temperature of 1 600° C whereas with that same 
slag composition, a temperature of 1 680°C leads 
to phosphorus contents of 0.028%. 
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coefficients 


In the O L P process it is easy to maintain the final 
temperature in a small range around the required 
value. This is a great advantage of the intermediate 
tilting-down necessary for slagging off. By measur- 
ing the temperature at the moment and knowing 
the corresponding carbon content, the quantity 
of cooling additions (light scrap or preferably iron 
ore) to be added can be deduced from predeter- 
mined curves, and practice proves that a final scatter 
of less than 20° C in final temperature can be obtained. 

However, it seems that the importance of slag 
basicity is even greater than the one of final tempera- 
ture. On Fig. 4 we have grouped a series of final 
slag compositions for temperatures between 1 600 
and 1 620° C, and for low-carbon steels. The differ- 
ent zones from high to low phosphorus are apparent. 
If heats with the same FeO content are considered, 
those with low phosphorus lie along the lime satura- 
tion curve. The amount of FeO in the slag corres- 
ponds to the lower oxygen content of the steel. 

Moving away from the lime saturation curve, 
basicity increases and oxygen increases, but this 
increase in oxygen is not sufficient to compensate 
for the increase in activity of P,O, and increase in 
phosphorus. 

Considerations of equilibrium, and thermodynamic 
calculations will be developed on that point, but the 
preceding examples clearly show the advantages to be 
obtained from the control of temperature and slag 
basicity, made easy by blowing lime powder in an 
oxygen stream. 


Sulphur problem 
A study of sulphur balance during 
the first phase (i.e. from pig iron down to 0-6-1-0°%C 
and 0-2-0-3%,P) has shown on a group of 45 heats 
that at the end of the first phase there is less sulphur 
present in metal and slag that was brought in by iron 
and lime during that corresponding period. 
If we call: 
XS, the total quantity 
the first phase 


Sulphur halance 


of sulphur brought in during 
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xS, the total quantity of sulphur present at the end 
of first phase 
we obtain a relative loss: 
ZS 
=S 


ve ~ 
“1 between 10 and 15 


0 


Although must always be cautious about 
sulphur balance, it seems that this difference is not 
due to inaccuracy. This sulphur loss can be explained 
by direct oxidation of slag in the vicinity of the 
oxygen jet, according to the following reaction 


one 


4 O, (g) (Ss > 4S, (g) (O 


where S-- and O 
in slag. 

Fume analysis confirmed the presence of 
sulphur components, but their relative amount was 
too small to be determined by normal analysis. In 
these data, no influence could be detected of factors 
such as oxygen flow, lime concentration, and distance 
between lance nozzle and bath level. Moreover, 
because of the impossibility of knowing accurately 
the amount of slag removed before the second phase, 
no sulphur balance has been made for that phase. 

It should also be noted that for the bottom-blown 
basic Bessemer converter, other workers agree in 
general on the statement that there is no sulphur 
loss during the blow, but in such a case conditions of 
slag formation and of its oxidation are quite different. 


Partition coefficient for sulphur—It has been checked 
by analysis of numerous O L P samples of slag and 
metal that the partition coefficients for sulphur (S8)/[S] 
could vary appreciably, for example from 2 to 14, in 
both intermediate and final samples. ‘To show 
quantitatively the importance of the partition coeffi- 
cients upon the final sulphur in steel it can be said 
that, starting from a pig iron with 0-050°% 8 there 
will be a sulphur content of 0-033°% in the final steel 
when both (intermediate and final) coefficient par- 
titions are only 4, and 0-017°%, when these coefti- 
cients are 10. Trials to study the sulphur coefficient 
partitions as a function of excess base {Mo have given 
no satisfactory result. 

We have represented the lines of equal partition 
coefficient (S)/[S] on a ternary diagram (Fig. 4) 
similar to that previously mentioned. For inter- 
mediate samples it would be better to consider sul- 
phur activity instead of sulphur concentration in steel 
because of the high carbon contents (0-6-1-0°%) but 
this would not change :appreciably the respective 
positions of points. Because of very 
contents this is not necessary for final samples. 

Figure 5 clearly shows how much the sulphur 
coefficient partition depends on slag basicity, and 
mainly CaO content. 

Moreover, slag composition alone, as shown on the 
ternary diagram previously considered, is sufficient 
to determine sulphur partition between metal and 
slag, at least for final slags. Thus the authors believe 
that 8 contents of metal and slag are very close to equi- 
librium at the end of the blow, and thermodynami 
calculations will be developed on that point. For 
intermediate slags, the problem appears more complex 
and complementary data are necessary before drawing 
conclusions. 


refer to sulphur and oxygen ions 


has 


low carbon 


JUNE, 1959 











CUSCOLECA AND ROSNER: DEVELOPMENT AND PRESENT STATE OF THE LD PROCESS 


CONCLUSIONS 


In this paper it was intended to show by precise 
examples how much the quality of final oxygen-blown 
steel depended upon control of temperature and slag 
formation. 

The blowing of lime powder in an oxygen stream 
in the OL P process appears as a rational method 
of achieving this aim with great regularity. 

On series of 30-ton heats, the O LP process has 
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also been applied to hematite pig irons with very 
satisfactory results. 

In the UK steelmaking industry, semi-phosphorus 
iron with about 0-7°,,P for a long time has been refined 
only by the O H process, using ore additions. The 
great flexibility of the OL P process makes it easy 
to apply to that type of semi-phosphorus iron, per 
mitting regular and economic production of high 
quality low in phosphorus, 
nitrogen, 


steels, and 


sulphur, 





The development and present state 


By O. Cuscoleca and K. Rosner 


IT IS NEARY I] years since pilot operations were started 
at Linz and Donawitz with the aim of converting pig 
iron into steel by top-blowing with commercially pure 
oxygen. Before this, laboratory experiments and 
investigations had been carried out by Durrer! in 
1947. For more than four years the pilot plants were 
operating with heats of 3-15 tons.* The results of 
several thousand heats were promising enough to 
justify the erection of the first large-scale production 
units, which in turn involved the development of 
many details such as materials flow, operating se- 
quences, arrangement of buildings, and mechanical 
features, e.g. converting vessels, lances, and controls. 
After a comparatively short construction time of 
2 years, the first two large-scale plants operating on 
the principles of the LD process started production at 
the turn of 1952-1953. After more than 6 years run- 
ning it is safe to state that their layout as well as their 
mechanical and electrical equipment have given 
excellent service. Thus a novel type of steelplant 
has been created, which, except for minor modifica- 
tions due to local conditions, can be 
generally tried. 

Figures 1 and 2 show the basic arrangement of the 
existing LD shops complete with mixer and two LD 
vessels. The Donawitz type (Fig. 1) has the converters 
located in a central bay, served by the charging 
bay on one side and by the casting bay on the 
other. Transfer of pig iron and other charging 
materials is either by crane or by charging car 
operating in the charging bay, while pouring and 
mould preparation is in the separate casting bay. 

In the Linz type (Fig.2) the charging bay is flanked 
by the converter bay and the casting bay. So far the 
two Austrian LD plants have produced about 5-2 
million tons of LD steel. 

The Donawitz pilot operations, while chiefly con- 
cerned with the production of low-carbon steels and 
commercial grades, were planned so as to study the 
suitability of the LD process for the production of 
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ol the LD process 


SYNOPSIS 


Che history of the LD (Linz—Donawitz) process of oxygen top- 
blowing at the pioneer Austrian plants is briefly surveyed. Vessel 
linings are discussed and details of steels produced by the process 
are given. Experience of the LD process outside Austria supports 
the authors’ findings. The process has been adapted to use lime 
powder injection in the oxygen jet to reduce the final phosphorus 
content of the steel. Development of the process is continuing, and 
it is estimated that 
produced annually by the LD process. 


20 million tons of the world’s steel will soon be 


1721 


higher carbon steels. This had to be done with a view 
to the highly varied production programme of Alpine- 
Montan which, with the exception of sheets and seam- 
less tubes, includes all kinds and qualities of rolled 
products and low-alloy steels. 


Plant and equipment 

The first LD shops were equipped with vessels rated 
for a charging capacity of 25 and 30 tons respectively, 
the volumes being 28 and 32 m*. Later, however, 
it became obvious that under conditions of LD steel- 
making a vessel volume of about 30 m* could be 
made to hold charge weights of up to 36 tons. The 
two LD shops did not take long to establish charac- 
teristic operating data that are valid even today; 
54-56 m* of oxygen per ton of steel (0-7 kWh/m* 
oxygen); tap-to-tap time 36 min, with oxygen on for 
18 min, which yields 55 tons/h. Based on tap-to-tap 
time the time taken is nearly 66 s/ton of steel, whilst 
it is about 33 .s/ton of steel if based on blowing time 
(valid for the production of mild steel only). 

It took a little longer, however, to find out the best 
shape of tuyere and its adjustment, which had a 
distinct bearing on lance life. It should be mentioned 
here that at Donawitz, lance life averages 1 000 heats 
and more, and a standby lance serves for quick 
replacement. While lance cost is hardly felt in this 
way, off-heats caused by lance breakdown are practic- 
ally unknown. The life of a lance certainly depends on 
the blowing time as well as on the type of operation 
chosen, not to forget the design and cooling system of 
the lance. 

In the early days of operation, trouble was encoun- 
tered with the refractory lining owing to the extremely 
high temperatures developing in the bath zone 
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(1 700° C and over). In this connection it is worth 
mentioning that the life of linings of tar—magnesite, 
tar—dolomite brick, or ram mixes, was not more than 
about 150 heats in the early days. 

Obviously, lining life not only depends on the quality 
of the refractory and the method of its application but 
also on pig-iron analysis, on charging conditions, and 
on the qualities of steel to be produced. At both Linz 
and Donawitz these problems were solved early on. 
At Donawitz, linings made of commercial magnesite 
brick (burned) yield a life of 500-600 heats (Fig. 3). 
Linz linings are made of tar—-dolomite brick containing 
a larger percentage of magnesite. The average life 
of Linz linings is 340 heats. The average consumption 
of refractory per ton of steel is 4-6 kg at Donawitz and 
7-9kg at Linz. 

Here it should be realized that at Donawitz about 
20°, of the stripped refractory is fit for re-use, while 
at Linz it is about 50°. With this in mind, the actual 
refractory consumption at Donawitz is about 3-7 kg 
ton and at Linz about 3-9 kg/ton of steel, which is 
remarkably low. Present information suggests that 
refractory consumption and, therefore, life of the 
lining, is quite satisfactory everywhere even though 
widely different refractories are used. The life of a 
tar-dolomite brick lining has been reported to be 
about 300 heats by an LD shop in the Far East, while 
an American plant with a converter capacity of 80 
tons has established a 200-heat figure. Experiments 
run with synthetic magnesite brick at Donawitz 
vielded a life expectancy of about 500 heats. Natur- 
ally, magnesite refractories will maintain their superi- 
ority over other materials. It can be stated, however, 
that the refractory problem, which seemed most for- 
midable at the beginning, has found a very satisfactory 
solution, if compared with that of the conventional 
steelmaking processes. 

At Donawitz a symmetrical detachable bottom 
vessel is used, while Linz uses an unsymmetrical 
design. Both designs have given good results. Since 
a bottom charging car is indispensable for a detach- 
able bottom vessel, capital investment will be slightly 
higher in this case. At Donawitz, vessels are lined so 
that about 8 h after the last heat the bottom is taken 
off and stripping of the worn lining starts. From the 
last heat, relining is begun after about 16 h and takes 
about 48 h to complete, the new bottom being set in 
place by the special charging car. After a shut-down 
of 72h at the most, burning-in of the new lining 
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begins and takes from 2 to 4h. After an overall 
repair time of 74-76 h the crucible is ready for opera- 
tion. Burning-in of the new lining is by coke and 
oxygen. While from the operational angle this short 
time for relining is hardly ever required, it has a 
significant bearing on theoretical vessel utilization, 
which, with the conditions prevailing at Donawitz, is 
over 80%. Between them the two Austrian LD plants 
have produced some 5-2 million tons of steel for a wide 
variety of applications, which proves the suitability of 
the process for the production of quality steels. The 


'1000% 





Fig. 3—-Vessel used at Donawitz, lined with commercial 
magnesite brick (burned) 
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tonnages produced break down into rolling-mill 


products as follows: 

600 000 tons of medium and heavy plates 

3 100 000 tons of wide and narrow strip and sheet 

100 000 tons of rails and other higher-carbon steels* 

475 000 tons of wire 

50 000 tons of tubes and tube steel 

875 000 tons of structural steel, bars and semis. 
Added to this are a number of special steels and of 
low-alloy steels.5 


Properties of LD steels 


On workability and mechanical properties all steels 
produced by the LD process compare favourably with 
open-hearth grades, which is in keeping with the good 
metallurigical conditions obtained by the new process. 

The LD process is best suited for the production of 
very pure steel free from impurities, especially detri- 
mental elements. Since the refining gas is commercially 
pure oxygen, 99-5°%O,, and the reactions take place 
in a vessel shaped so as to prevent any admission of 
atmospheric nitrogen, no nitrogen pickup can occur 
during the process. Owing to the vigorous develop- 
ment of CO during refining, N contained in the charge 
is removed to such an extent that the N content of the 
steel is down to about 0-002°,, which can hardly be 
achieved by the OH process. In the same way, very 
low contents in hydrogen are obtained. The rapid 
formation of a highly reactive, high-basicity slag 
creates favourable conditions for the removal of 
phosphorus and sulphur. As in the OH process, 
dephosphorization is completed before the carbon 
end-point is reached; desulphurization attained is 
even better than in the open hearth. With P contents 
up to 0-200% in pig iron, as is the case of the hot 
metal used at Linz and Donawitz, it is easy to keep the 
P content in the finished steel to less than 0-20°/ in 
one slag operation. The S content of LD steel depends 
on the amount of 8 in the pig iron as well as on special 
measures taken for its removal, such as desulphuriza- 


tion with soda. Soda treatment produces LD steels of 


0-020%S max. (if necessary 0-015°%, max.) when 
operating on pig irons containing as much as 0-080°%, 
S. Owing to the restricted zone of oxygen impinge- 
ment on the bath surface, the temperatures produced 
are high enough to reduce the amounts of certain 
impurities, e.g. As, Pb, Zn, and (partly) 8, by evapora- 
tion. 

The cooling requirements of the LD process can 
easily be met by using either home scrap or virgin 
ore exclusively. Cooling scrap additions will vary 
pig-iron analysis and will change with the composition 
of the steel made. For Donawitz-tvpe pig iron con- 
taining about 0-1°,Si the addition is about 10% of 
the charge weight, and about 30-35°, for a pig con- 
taining about 1-6%Si. 

The use of these pure materials is the reason why 
LD steels are very low in Cr, Ni, Mo, etc., undesirable 
elements that are unavoidably introduced where 
purchased scrap is used, as in the OH process. At 
Donawitz the total amount of Cr, Ni, Mo, and Cu is 
less than 0-10%. Taking into account also that LD 
steels show the same oxygen content as OH steels of 
the same C and Mn contents, it is quite obvious that 
LD steel is a material of high chemical purity. 
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shops of different annual capacities 


This is fully borne out by the behaviour of LD 
steels in practical service. The comparatively high 
degree of freedom from detrimental elements, par- 
ticularly from P and N, makes LD steel at least equal 
to OH steel with respect to ageing characteristics, 
and it is superior in some other respects. Excellent 
welding characteristics of LD steel and its qualities in 
the welded condition are also partly due to the low 
sulphur content that can be achieved. Owing to its 
low hydrogen content, LD steel shows a pronounced 
advantage over OH and electric steels in its suscepti- 
bility to flaking. 

Higher-carbon steels are made by the ‘ catch- 
carbon ’ technique. Once again it should be pointed 
out that in the production of higher-carbon and rail 
steels by this technique the reproducibility of results,® 
even with specifications for C as close as 5 points, is as 
good as that established for the open hearth; at Dona- 
witz the reproducibility is about 94%. 

It is true that, owing to the rapidity of the refining 
reactions in LD steelmaking, a high degree of skill and 
experience is demanded of the engineers and shop 
supervisors. Also, it is not always possible to have 
flash (or rapid) analyses made. 


Experience in other plants 


The highly satisfactory results obtained by the two 
Austrian LD shops were attractive enough to induce 
companies in various other countries to introduce 
the new process. Generally, the deciding factors were 
similar to those that in the past had given the impulse 
for the development and introduction of the LD pro- 
cess in Austria: (a) the excellent quality of the steel 
produced under economically favourable conditions, 
(6) the scarcity of scrap supplies, which frequently 
forces a steel mill to make-do with home scrap only, 
and (c) the wide range of pig irons that can be worked 
in the LD converter. In addition, the cost of a new 
LD shop is only about 70% of that required for an 
OH shop of the same capacity, which is clearly 
revealed in Fig. 4 showing a comparison of outlay 
calculations for steel shops of different annual capaci- 
ties. At present 14 LD shops totalling 31 converters 
are in operation; their yearly capacity totals about 
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8-4 million tons. Another 13 LD shops with 23 
converters are under construction; their capacity will 
total about 6-5 million tons. The pig irons used by 


these shops vary in analysis as follows: 


c 3°60 60 
Si 0:05 — 2-50 
Mn 0-30 —3:-50 
P 0-080 “40 
x 1-70 — 2-00 

As has been mentioned, the refractory lining differs 
from plant to plant and lining life averages 200-350 
heats according to present information. There is a still 
wider difference in vessel sizes. With volumes of from 
15 to 60 m® the charge weights range from 15 to 80 
tons. 

Some of these plants have satisfactorily proved in 
running operation that the new process is by no means 
limited by the size of LD vessels: they produce LD 
steel in 80-ton converters, whereas operations were 
started in Austria on 30-ton vessels. This figure of 
80 tons does not imply, however, that it is the limit of 
vessel capacity. To our knowledge, one 80-ton vessel 
shop has recorded tap-to-tap times of about 60 
min, which is 80 tons/h, or 45 s/ton of steel. Com- 
pared with this the figure of 40-42 tons per hour, 
achieved by the largest US OH furnaces of from 
500 to 600 tons capacity, is by no means impressive, if 
it is considered that to some extent these large units 
work on duplex metal. Considering vessel size from 
another angle it is interesting to note that at present 
the smallest vessel hitherto under construction with a 
volume of 4-5 m? will operate on a charge weight of 


5-5 tons. 


Fume 


In the past, a formidable problem was presented by 
the clouds of reddish smoke or fume developed in LD 
steelmaking by iron evaporation. Consisting of very 
fine particles, mainly ferric oxide, in sizes down to less 
than 1 u, this dust gave rise to iron losses amounting 


to not less than 0-6° of charge weight. With a 
production of 50 tons of steel per hour, about 500 
kg of red fume were carried away by the outgoing 
Since then this problem has been overcome by 

gas-cleaning the Waagner- 
Biro and Pease-Anthony systems (wet cleaning), and 
the Lurgi system (dry cleaning).® 

Figure 5 shows the Lurgi system introduced into the 
Donawitz plant. After passing through a waste-heat 
boiler installation for superheated steam the outgoing 
gases are admitted to the Lurgi cleaning plant. The 


vases 


several systems, 


e.g. 
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Fig. 6—Fume-cleaning system at Linz 


boiler plant was installed by Waagner-Biro. Steam 
generation is about 0-31 tons steam per ton of steel, 
at 450°C and at 50atm. Dust precipitation is by 
electrostatic precipitation, the collectors being charged 
with a pulsating d.c. current. The cleaning efficiency 
of the plant is 99-88%. 

Figure 6 shows the gas-cleaning plant installed and 
perfected at the Linz LD shop. After cooling in a 
boiler plant the waste gases were subjected to wet 
mechanical cleaning, followed by electrostatic finish- 
cleaning; the cleaning efficiency of this plant is 
99.7%. While a boiler plant with cleaning system 
attached certainly constitutes a major capital invest- 
ment, it also represents a credit item for steam and 
recovered ferric oxide dust, by which the iron yield 
of the process can be improved by 0-6%. 


Costs and application 

For the first time in the history of steelmaking, a 
surplus of energy has been obtained, which can be 
calculated as follows: the energy requirements of an 
LD shop (including oxygen plant, cranes, and other 
items) totals 150000 kceal/ton of steel. From the 
waste heat boiler 230 000 kcal of energy in the form of 
steam is produced per ton LD steel. Thus there is 
a surplus of 80 000 keal/ton of steel, which can be used 
to generate electricity. 

In any branch of technical science, and particularly 
in steelmaking, there is a long way to go before an 
idea, however good, can be developed into a practical 
process. This holds for the LD process also. Extensive 
laboratory experiments followed by pilot 
operations in small but operational production units, 
before the process could enter its final stage of develop- 
ment on a commercial scale. Even then work was 
continued to obtain optimum economic results and to 
prove the capability of the process to produce steels 
meeting a wide range of specifications. Furthermore 
there was the problem of raw materials, which vary 
widely from place to place, and is one of the main 
factors on which iron and steelmaking everywhere 
depends. Thus the metallurgist entrusted with 
development work of this kind in his own plant is 
faced with a formidable task. Naturally, the develop- 
ment engineers at Linz and Donawitz were obliged to 
tackle their own problems first and had no small task 


were 


JUNE, 1959 





CUSCOLES 


Fig. 7—Relation between C and P under various operat- 
ing conditions at Yawata steelworks (Japan 


to reassure consumers as to the quality of the new 
steel. Another difficult consideration was cost, which 
could not be dealt with off-hand, since the figures had 
to be compared with those obtained from the OH and 
electric shops existing at both Donawitz and Linz. 
Today, however, all these difficulties have been over- 
come, and the several million tons of LD steel ex- 
ported to many foreign countries in the past years 
may be considered complete proof of success in 
producing a steel of highly satisfactory quality.” 

It is well understood that the first LD shops to 
follow the Austrian example in other countries, e.g. 


at DOFASCO, Canada, and at Jones and Laughlin, 


USA, were simply adopted for the reason that the 
available pig irons were similarly low in phosphorus 
and the production programme was primarily con- 
cerned with low-carbon grades of steel. However, 
development work carried out at Donawitz in pro- 
ducing higher carbon steels by the catch-carbon 
technique, and making low-alloy steels, succeeded 
to such an extent that the production of quality 
steels ona large scale by the LD process was established. 
Thus the way was prepared for companies specializing 


on quality steels exclusively, and three LD shops of 


this type have meanwhile been put into operation 
in Western Europe. 

A different problem was encountered when, as in 
the case of the steelplants in Japan, it was required to 
operate the LD converter on a pig iron containing 
()-40%, P. 

Figure 7 shows results obtained from experimental 
runs made by the Yawata Iron and Steel Co. A 
suitable technique was found and the satisfactory 
results obtained showed that, with steel specifications 
of up to 0-10°%C, pig irons of 0-50°,P max. can be 
worked with single-slagging to give a steel of 0-030°, 
P max., while in two-slag operation the P level is 
further reduced to 0-020°,P max. 

Yet another approach had to be found when 
working higher-phosphorus pig irons. It is worth 
mentioning here that many years ago experiments 
were made at Donawitz to ascertain whether or not it 
was possible to produce LD steel from pig irons con- 
taining 0-5-1-5°,P. First reports on these experi- 
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Fig. 8—Curves showing progress of refining with the 
LDAC process at the ARBED plant at Dudelange 


ments were made in 1952.9 More recently, Trenkler!” 
has published several detailed reports on the top- 
blowing of high-phosphorus pig irons (0-5—-1-5°,P), 
which were based on experiments run at the Linz LD 
plant. Here it was established that blowing of these 
irons under LD conditions yielded good (and econo 
mic) results, provided a technique was adopted ol 
double slagging accompanied by the addition of ore 
fines before the first tilting of the converter for 
slag run-off, and re-use of the final slag in the follow- 
ing operation. Tap-to-tap time is 45 min for a 30-ton 
converter, which is considerably higher than basic 
Jessemer heat times. It should be remembered, 
however, that, as to results, the LD process should 
be compared with the OH rather than with the basic 
Bessemer process, even though the latter is operated 
with an oxygen-enriched blast. It should also be 
stressed that by the LD process a steel is produced 
that is at least equal to OH steel. 

Further problems were met when dealing with 
high-phosphorus pig iron of 1-7—2-0°,,P, such as are 
used by basic Bessemer plants in Western Europe 
Using a double slagging technique, the Mannesmann 
and Pompey plants have so far produced several 
thousand tons of LD steel. This technique provides 
that the major portion of the phosphorus contained in 
the bath is made to pass into the first slag, which 
represents a saleable type of fertilizer containing 
about 20°%P,0, and about 6° FeO. In this first 
period of the process the P levels of the bath are 
reduced to 0-5° and 0-2% respectively. In the slag- 
off, the entire volume of the first slag is removed from 
the vessel. Final dephosphorization occurs during 
the second period of the process; the final slag con- 
tains less than 6%P.0,, while FeO contents range 
between 15 and 25 depending on blowing condi- 
tions and on carbon end-point. This final slag is 
retained in the crucible and re-used as first slag in the 
following operation to avoid iron losses. 


Lime-powder injection 


After years of experiment, reports have recently 
been published on a modified LD process featuring 
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the injection of pulverized lime into the vessel through 
the lance. At Donawitz also, experiments were made 
with primitive makeshift tools to find out about the 


possibilities of lime injection and the use of lime of 


varying particle size. However, it was in the ARBED 


plant at Dudelange that a commercial method of 


lime-powder injection was found. In co-operation 
with CNRM a remarkable plant was installed in an 
existing basic Bessemer shop with 26-ton vessels, and 
the equipment necessary for performing the new 
process was provided. From long experience in the 
field of using pulverized materials, particularly lime 


powder, for metallurgical purposes, the problems of 


introducing into the oxygen jet perfectly controllable 
amounts of lime were quickly solved. Some difficulties 
still had to be overcome in lance design, and new 
ways had to be found by which ducting of the oxygen 
lime mixture to the lance itself was safeguarded. 

A lucid report on this process, the LDAC process, 
has been published by Metz.!? To date about 20 000 
tons of steel have been made in production conditions 
with good results in quality and operational economy. 
This shows that the LD process is applicable even to 
basic Bessemer pig iron. 

Lime powder of less than 2-mm particle size is 
added in controllable quantities via a ‘ zellenschleuse ’ 
(a revolving set of chambers metering out predeter- 
mined quantities of lime powder) to the jet of oxygen 
directed against the metal bath. The flow of oxygen 
and lime, also the distance between lance nozzle and 


bath surface, is adjusted to ensure rapid formation of 


a foamy slag. Positive control of process reactions 
is achieved so that spilling of slag and other iron 
losses are avoided. Thus a high iron yield is obtained, 


accompanied by a very satisfactory degree of dephos- 


phorization. 
In a first period of about 14 min blowing time, the ( 
content is reduced to about 0-7°%, while P is brought 
down to less than 0-2%. At this point the blow is 
interrupted and the first slag flushed. This slag con- 
tains 20-27°%P,0, and 6-9%Fe, is practically free 
from granulated metal, and shows excellent solubility. 
Blowing time to the desired end-point and the 
amounts of cooling scrap added for temperature 
corrections depend on the © content and the tem- 
perature level of the bath after the first blow. The 
second blow lasts from 3 to 5 min. Despite the short- 
ness of this second blow, a slag of satisfactory fluid- 
ity is formed by the lime powder injected with the 
oxygen jet. With an iron yield of about 90% this 
process has proved itself in commercial operation. 
A pig iron of percentage composition: 


Figure 8 shows the progress of refining. 


‘ 


C Si Mn P 
3-35-4-:12, 0-10-0-75, 0-31-0-65, 1-60-2-15, 
Ss 
0-032—-0 -085 


S45) 


is converted into a steel with P content below 0-025%, 
and carbon levels of less than 0-10°% are maintained 
even below 0-020°% P. The content of 8, N,, and O, 
is at the same low level as with normal LD steel. Low 
consumption of oxygen (55-56 m3/ton of hot metal) 
and lime (105-5 kg/ton of hot metal), the fact that 


fluxes (fluorspar) are not required, high speed of 


refining, and high yield of crude steel renders this 
process highly economic. If a tap-hole converter is 
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used, the second slag can be kept in the vessel and 
re-used in the following operation; this technique 
results in increased yield and reduced consumption of 
lime. 

CONCLUSIONS 

In the foregoing the attempt has been made to 
outline the present state of the LD and LDAC pro- 
cesses. The capacity of the LD process and of the 
LDAC process to cope with high-phosphorus pig irons 
is sufficient to show that the conversion of medium- 
phosphorus irons is also possible, although at present 
there are no known steelplants operating on such pig 
irons. At each of the 27 LD shops in operation or 
under construction, different conditions were met 
in raw materials, desired products, price of raw 
materials, and availability of labour. The problems to 
be solved therefore differed widely from place to place. 
The planning of any new LD shop will doubtless have 
similar problems depending on local conditions. In 
one vital respect, however, all LD shops have the 
same advantage, no matter where they are located: 
their comparative independence of the pig-iron analy- 
sis. Steel companies choosing an LD installation will 
therefore also be free to choose the source of their ore 
supplies. 

The LD process is easily adaptable to specific 
production requirements. The capacities of plants in 
operation today vary from 20 000 tons to 1 300 000 
tons of steel per year. The economy of the process was 
clearly revealed during the industrial recession of the 
past years, when all of the LD shops in Western 
Europe, North America, and the Far East kept 
producing at their normal capacities. On the other 
hand the LD process is readily adaptable so as to suit 
temporary requirements for crude steel, since continu- 
ous operation is as easy as two-shift operation or opera- 
tion on workdays only. 

It is true that the rapidity of the process reactions 
requires operating personnel of considerable mental 
and physical skill. Yet it should be remembered that 
the LD process has been operated even in countries 
that have no long-standing tradition of steelmaking. 
With an overall capacity of more than 8 million tons 
per year the existing LD shops produce both bulk and 
quality steels, for which the process is excellently 
suited. 

Certainly the development of the LD process cannot 
be regarded as complete after only 6 years of com- 
mercial operation, when not even the open hearth has 
been fully explored after 100 years. We are, therefore, 
further concerned with a variety of problems, from 
the solution of which further improvements and 
operational refinements can be expected. It is reason- 
able to assume that by the installation of new shops 
the LD and LDAC process will run up to a capacity 
of 20 million tons in the near future. 

It is a pleasure as well as an honour to discuss a 
new and rapidly accepted steelmaking process here 
in the UK, for we do not forget that 100 years ago 
two great inventors and engineers, Sir Henry Besse- 
mer and Sidney Gilchrist Thomas, introduced their 
respective processes and they pointed out the possi- 
bility of using oxygen. Up to the present the Thomas 
process has had no equal for economy in the con- 
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version of high-phosphorous pig irons. Many ideas 
of those famous inventors have been adopted funda- 
mentally in the LD process, ideas whose further 
development has put us in a position to achieve still 
larger converter capacities and better performance, 
to become independent of type of pig iron, and to 
supply steel of a quality hitherto considered the 
domain of the OH or the electric furnace. 
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Fundamental aspects of 
By S. Garber, B.Eng.( Met.), Ph.D. 


Loss of metal to oxide 

IN THE PRODUCTION of mild-steel sheet and strip, 
layers of scale form on the metal on five different 
occasions during the processing from the molten 
metal to the hot-rolled band stage. The first is 
found on the as-cast ingot; subsequent layers are 
produced in the soaking pits, slabbing operation and 
storage, slab re-heating, and finally during rolling, 
coiling, and storage of the hot strip. 

Factors such as surface finish, mechanical proper- 
ties, and coating behaviour, as well as production 
costs and yields, are affected to some degree by 
this oxidation. The approximate figures in Table I 
briefly sum up the loss of metal at the various stages. 
They have been collected from the literature,)-4 
private communications, and the actual observations 
of scale thicknesses. 

Excluding scale found on the as-cast ingot, the 
total figures for metal loss from the ingot (soaking 
pit) stage to the hot-rolled strip (coiled) range from 
5-9% to 8-4%. Even solely in terms of increasing 
the yield of finished product, it seems economically 
worthwhile to consider where and how it might be 
possible to reduce these losses. 





Paper MW/H/15/58 of the Sheet and Strip Processing 
Committee of the Mechanical Working Division of the 
British Iron and Steel Research Association, received on 
15th January, 1959. The views expressed are the 
author’s, and are not necessarily endorsed by the Com- 
mittee as a body. 

The author is with the BISRA Sheffield laboratories. 
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scale on mild-steel strip 


SYNOPSIS 


During the production of mild-steel strip, the loss of metal as 
oxide ranges from 5-9°,, to 8-4°,. The thick scale formed on the 
ingot and slabs is removed during mechanical working operations 
The thin scale formed on the hot strip requires a separate treatment 
for its removal which is normally a continuous pickling. 

Fundamental knowledge of the nucleation and growth of the 
scale layer is reviewed and the unstable nature of wiistite below 
570° C is considered. 

Types of scale found in practice are described for the ingot and 
billet (and slab), and the author’s observations on the structures of 
hot-rolled-strip scale are presented. Two principal types of structure 
were found on the strip and their deviation from the normal type 
of scale structure is believed to be associated with the temperature 
history of the strip. 

In continuous pickling the role of the mechanical scale-breaker 
is to give the acid quicker access into the scale and the metal, The 
fundamentals of pickling are considered and it is concluded that, 
contrary to the classical theory, the ideal scale structure for opti- 
mum pickling speeds is one in which a continuous layer of wistite is 
in contact with the parent metal. 

Finally, the possible directions of future lines of work are discussed, 
including the possibility of reducing scale losses and improving the 
pickling operation by increasing the efficacy of the scale-breaking 
operation, and conditioning the scale structure. 1681 


Many practical operators feel that an extensive 
oxidation of the surface is essential to remove surface 
defects that have developed during the casting and 
freezing of the ingot, so that the oxidation losses in 
the ingot and slab stage are considered as part of the 
cost of producing a defect-free surface on the strip. 
Assuming that a heavy scale is essential in the ingot re- 
heating stage and that the 1-5 to 2% loss is warranted, 
there is still a strong argument for reducing the 
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TABLE I 


Loss of metal at various stages, ingot as-cast, scale 
0-080 in. thick 





1-5-2-0° | 
5-9-8 4°, | 
Metal loss} 
by } 
weight | 
jas sc ale | 


Ingot Soaking pits 
Billets and slabs Shaping and storing 2 
Billets and slabs Re-heating 2° 


| Strip After coiling 





remaining 4-4 to 6-4°, metal losses. As the stored 
slabs are usually inspected and if necessary scarfed be- 
fore re-heating, the loss of metal in the slab re-heating 
furnace is unwarranted. With the availability of 
cheap nitrogen, the possibility of doing (a) the cooling 
after slabbing, (6b) the re-heating of the slab and, (c) 
the hot rolling (or part of it) in a neutral atmosphere 
might be considered. 

It may seem impractical to prevent oxidation com- 
pletely from the slab to the hot coiled strip, but to 
reduce the amount of scale produced on the slab, 
both when cooling and in the re-heating furnace, and 
also on the coiled strip, seems both practical and 
practicable. For example, this could be achieved by 
(a) cooling the slab with water sprays as it leaves the 
slabbing mill for transfer to the slab yard, (6) 
cutting down the slab reheating time through more 
rapid heating and less soaking, and (c) im- 
proved cooling of the strip on the run-out table or in 
the coil. 


Removal of scale 


Removal of the relatively thick scale on reheated 
ingots and slabs does not present any particular 
problem. Scale formed on the ingot is normally 
removed by primary working in the cogging mill; 
however, reheating scale has to be removed from the 
slabs otherwise parts of scale are embedded in the 
surface of the metal and they persist in the hot-rolled 
strip. Thick scale is removed by some form of slight 
plastic deformation of the slab, assisted by high- 
pressure water jets.° ® Air jets blow the loosened 
scale off the metal before its entry into the working 
stands. 

Removal of scale on strip is dictated by the fact that 
the scale may be heterogeneous and that its satisfac- 
tory removal is dependent on removing all of it, 
including the most difficult parts. Bullough’ has 
described the many electrical, mechanical, and chemi- 
cal methods of removing scale that have been deve- 
loped. Continuous acid pickling is used predominantly 
in the large-scale production of mild-steel strip, and 
none of the other methods has been able to supplant it. 

Continuous pickling lines in current use have been 
developed over many years, and with local variations 
they are normally built on the same basic pattern. 


SCALE FORMATION AND STRUCTURE 


The surface oxidation of metals at high tempera- 


tures has received a great deal of attention since 
Tammann first considered the laws governing this 
process. In a critical survey that goes up to 1952, 
Kubaschewski and Hopkins* have ably summarized 


the research dealing with this problem, 
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Scale thickness 

Pfeil,® #© found that on ordinary carbon steels 
oxidized at high temperatures for an appreciable 
time, the scale consists of three layers of oxide. The 
innermost layer is wiistite (ferrous oxide); the middle 
layer is magnetite (ferroso-ferric oxide), and the thin 
outermost layer is hematite (ferric oxide). They 
have the following formulae: the outer layer (hema- 
tite) is Fe,0,, the middle one (magnetite) is Fe,O0,, but 
the innermost layer (wiistite) which is normally 
described as the stoichiometric compound FeO is 
more accurately represented by Fe,_,O, where y is 
a measure of the concentration of the vacancies.4 

The thickness of the scale depends on both tempera- 
ture and time of oxidation and proceeds approximately 
according to a parabolic law, x? = kt, where x is the 
increase in weight, k is a temperature-dependent 
constant, and ¢ is the time. The relative thicknesses 
of the various oxides generally depend on the tempera- 
ture of formation.!” 

Paidassi!*® studied the kinetics of oxidation of pure 
irons in air between 700° and 1 250°C. He found 
that with isothermal oxidation conditions, and after 
the unstable initial growth, the adherent scale is 
always composed of three continuous and compact 
layers of hematite, magnetite, and wiistite. Their 
relative thicknesses remain constant at 1°/,, 4°, and 
95°%, of the total scale thickness. On a scale thick- 
ness of 0-0005 in. there should be a layer of Fe,Os, 
0-000005 in. thick. This, of cannot be 
resolved on optical microscopes and it may explain 
the apparent absence of Fe,O, from many of the 
structures observed by the author. On the other 
hand, up to 900° C oxidizing temperature the observ- 
ance of Fe,O, is not reported for times less than 15 
min. 


course, 


Nucleation and growth 

Edwards and Pickering,}4 using electron micro 
scopy were able to observe the initial nucleation and 
growth of the oxidation of mild steel up to 500° C. 
The oxide was initiated by whiskers which developed 
into platelets after an immediate kinking. If this 
whisker growth is analagous to that observed on 
metals, then the oxide nucleation and initial growth 
must develop with the spiral growth of a screw disloca- 
tion from the surface of the metal. 

At IRSID and other laboratories near Paris, results 
to date show that early oxide growth is definitely 
epitaxial and occurs at the surface of the metal 
along crystallographic planes which have a definite 
relationship to the orientation of the individual 
metal grains at the surface. 

Engell'' has pointed out that the diffusion of the 
iron outwards through the wiistite layer occurs by a 
vacancy mechanism so that the oxygen 
diffuse inwards through it. 

Tracer techniques used by Himmel, Mehl, and 
Birchenall,!° have shown that wiistite grows largely 
by diffusion of cations, hematite by diffusion of 
anions, and magnetite largely by anion diffusion with 
an appreciable contribution from cation diffusion 
above 620°C. According to Birchenall the overall 
growth is governed by the growth rate of the wiistite. 
However, Kubaschewski and Hopkins*® suggest that 


does not 
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the mechanism is not that simple and because of 


apparent non-uniform experimental conditions, the 
elaboration of a simple mechanism based on equili- 
brium involving certain types of lattice defects cannot 
easily be worked out. 


Breakdown of wiistite 


The two higher outer oxides are stable at room 
temperature, but the wiistite is unstable below 
570° C10 16 Pfeil! considered that the decomposition 
takes place as 4 FeO > Fe,O, + Fe. Collongues, 
Sifferlen, and Chaudron!’ showed that the wiistite 
transformation is relatively slow and highly tempera- 
ture-dependent. The isothermal transformation curves 
of wiistite are similar to the S-curves of steel. The 
nose of the S-curve giving the fastest rate of break- 
down occurs at 480° C and the oxygen content of the 
wistite determines the position of the curve on the 
time scale. Increased oxygen contents move the 
curve to the left. At 480°C the breakdown of the 
wistite begins at 90s and 100% transformation is 
completed after 40-50 min. Moreau and Cagnet!® also 
found that the decomposition of wiistite is easily 
retarded so as to produce a completely non-magnetic 
product at room temperature. 

Fischer, Hoffmann, and Shimada,!* and Fischer and 
Hoffmann* also showed the importance of the rate 
of cooling on the breakdown of wiistite in bulk. The 
progress of the breakdown was followed by both 
X-rays and careful microscopic observations. The 
transformation of the wiistite is not a simple decom- 
position to magnetite and iron. Depending on the 
oxygen content and the rate of cooling, the break- 
down products can be wiistite of a lower oxygen 
content and increased lattice parameter, magnetite, 
and iron. It can be concluded that under slow cooling 
conditions, the inner wiistite layer of the scale might 
be more complex than a single homogeneous layer. 


Identification of oxides 

Considering the complex scale structures that can 
occur, care must be taken in the identification of the 
various oxides. The X-ray diffraction technique is the 
most useful for obtaining the overall composition of 
the scale. The structures and lattice spacings of the 
various oxides are well known and are to be found 
in the ASTM reference cards. However, the most 
convenient means of examining the distribution and 
position of the various oxides is by optical micro- 
scopy. On an etched scale specimen, the wiistite 
appears dark relative to the magnetite, and hematite 
is the lightest. If the particles are large enough to 
resolve, the harder phases should stand in relief to the 
softer ones. 

In studies of the scales on wire rod, it was found 
that microhardness tests could be used to identify 
the various oxides seen under the microscope.*! 
Hematite is over 1000 DPH, magnetite is of the 
order of 420-500 DPH, and the wiistite layers are 
the softest at 270-350 DPH. 


Structure of scale in practice 


Scale on ingots and billets 


Moreau! found that there was an appreciable 
amount of scale on the as-cast ingot. The minimum 
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thickness observed was 0-080 in. The major constitu- 
ent was wiistite, and it varied a great deal in composi- 
tion. The steels examined were nominally silicon- 
free, but this element was present in the scale as 
fayalite (Fe,SiO,); alumina and manganese oxide 
were also found. 

The ingot scale produced after heating in the soak- 
ing pits at between 1050° and 1 250°C showed a 
macroscopic two-layered structure. The outer 
had a compact crystalline appearance and it was 
composed of hematite, magnetite, and wiistite. The 
innermost layer in contact with the metal was porous 
and consisted of wiistite with intergranular fayalite 
The proportion of fayalite increased towards the oxide 
ingot interface. The loss of metal as oxide varied, 
but the average figure was 1-5 wt-% on 4-5-ton 
ingots. 

There has been no specific study of scale on slabs 
Nevertheless, because of the similarities in the produc- 
tion and re-heating of both slabs and billets, the 
results obtained in a study of the latter are probably 
applicable to the former. 

Scale produced by the re-heating of billets has 
been examined by Moreau and Cagnet.? The thickness 
varied from 0-005 to 0-012in. Scale structures 
were similar to those found on the re-heated ingot 
3eneath the layered structure of scale, which was 
easily detached, there was a complex zone of oxidation 
(sub-scale) consisting of a mixture of metal high in 
nickel, copper, ferrous oxide, fayalite, ferrous sulphide, 
and pores. When fuel oil was used to heat the billet 
furnace the proportion of sulphide in the sub-scale 
increased. The continued presence of silicate indicated 
that the inner portion of the ingot scale had not been 
fully removed during the primary working. 

The loss of metal by oxidation during and after 
the primary rolling was about 2 wt-°,,. Loss due to the 
re-heating of the billets was also quoted as being 
about 2 wt-%. 


one 


Scale on hot-rolled strip 


In the absence of information on the structure of 
scale found on the hot-rolled strip, samples of narrow 
strip (8-84 in.) from an old and new mill in the same 
works have been metallographically examined. Speci- 
mens were taken from four coils, one from the old 
mill and the remainder from the new one. Where 
possible, samples were taken from three coil positions; 
the leading, middle, and trailing portions, and 
across the width of the strip. 

Four distinct metallographic structures were ob- 
served. They are labelled structures A, B, C, and D 
for purposes of identification, and they are illustrated 
in that order in Figs. 1-4. The etchant was a solution 
of citrie acid, (10g of citric acid in 100cm* of 2% 
Nital). With this mixture, very little attack on the 
parent metal occurs. 

Structure A, Fig. 1, is associated with the thicker 
portions of the scale. The thin outer layer is apparently 
magnetite; the thicker inner layer appears to be a 
matrix of darkly etched wiistite containing a lighter, 
coarse precipitate of pro-eutectoid magnetite and 
large islands of a third phase. This latter phase is 
marked by its sharp boundaries whereas the boun- 
daries between the other phases are more diffuse. 
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Fig. 2—-Scale microstructure B 
(b) FegOg (¢) FeO (d) Transformed FeO (e) Fe,0, precipitate 
(f) Mounting 


Fig. 1—Scale microstructure A x 100 


In places there also appeared to be a thin layer of 


primary magnetite in contact with the parent metal. 
However, it was not a continuous layer and it was 
not always sharply defined. 

Figure 5 illustrates the microhardness results on 
the same field as in Fig. 1. In fact the matrix of the 
thicker inner layer had a microhardness similar to 
the other primary magnetite layer and the coarse 
cuboid precipitate of the pro-eutectoid magnetite. 
Only the light, sharply defined islands are as soft as 
wiistite. This dark matrix is considered to be a 
transformed wiistite. 

Structure B, Fig. 2, consists of three layers. The 
microhardness tests establish the outer one as mag- 
netite, the middle one as wiistite, and the inner layer 
next to the parent metal is also magnetite. This 
type of structure had been previously seen*! in a 
wire-rod scale but it was considered rather unusual. 
However, it was fairly common in the hot-rolled 
strip examined. 

Glancing-angle X-ray tests confirm that magnetite FeO Ss 
is the major phase in structure A and that structure B 
has considerably more wiistite. On the strength of 
the theory of breakdown outlined earlier, this tends 
to confirm that the transformed wiistite in structure A 
is predominantly magnetite. 

Structure C, Fig. 3, appears to be a development %——— Mounting 
from structure B. Instead of the wistite occurring 
as a more or less continuous layer, it occurs as stringers 
of islands in a matrix of magnetite. 

Structure D, Fig. 4, appears to consist of an outer 
magnetite layer and an inner layer of transformed Fig. 3—Scale microstructure C x 1000 


A 
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NM Mounting 


Fig. 4-Scale microstructure D 1 000 


wiistite. 
diffuse like that in structure A and there is the occa- 
sional small island of sharply defined wiistite. This 
structure is associated with thinner parts of the 
Although large islands of wiistite and the 
cuboid magnetite precipitate are absent, structure D 
resembles a thinly developed structure A. On coils 
finished at higher temperatures, these structures were 
observed with a thin outer layer of hematite. 

The scale structure on each coil varied across the 
width of the strip and from the leading to the trailing 
section. On the samples of the coil from the old mill, 
scale on one side was much thicker than on the other 
side, and this may be attributed to the method of 
run-out before coiling. The strip in this case was 
looped on the edge of the run-out table, and the 
temperature of the strip side facing inwards in a loop 
presumably decreased at a slower rate than the out- 
ward facing side. 


The boundary between the two layers is 


se rale. 


On the strip from the new mill, leading sections of 


the coils have a thicker scale than the middle and 
trailing parts. This is probably produced by the 
practice of not turning on the high-pressure water 
descaler until the work rolls grip the leading edge of 
the strip. Temperature gradients in the strip as 
well as the rate of cooling must obviously play an 
important role in determining the local thickness 
and structure of the scale. The scale has not been 


weighed, but an estimate based on the range of 


measured scale thickness (0-00025—0-0025 in.) gives 
a loss of metal to oxidation of about 1-2 wt-°, of the 
hot-rolled strip. 
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Fig. 5--Relative microhardnesses of phases in structure 


A, same field as Fig. 3 1 000 


Summary of the distinctive features of practical scale 


structure 


The heavy scale found on the ingots and billets is, 
as expected, composed predominantly of the three 
conventional layers of iron oxides. Notable features 
are the presence of fayalite towards the parent metal 
on both the ingot and billet scale, and, in the case of 
the billet, consisting of a 
mixture of fayalite, ferrous oxide, ferrous sulphide, 
metal enriched in nickel and copper, and pores. 

The relatively thin observed on hot-rolled 
strip shows in the case of structures A and D (Figs. 
1 and 2) an inner layer of a complex structure of 
transformed wiistite of the kind associated with slow 
cooling. In the case of structures Band C (Figs. 2 and 
3) the existence of an innermost layer of the higher- 
oxide magnetite was an unexpected feature. 

The presence of the inner layer of a higher oxide is 
explained if the scale becomes detached at high 
temperatures or blisters develop near the oxide—metal 
interface. *1:22 However, where a continuous scale 
exists in contact with the metal, as in Fig. 2, structure 
Bb, the origin of the inner magnetite layer is more 
difficult to visualize. In normal fast-cooled scale, 
the wiistite shows a gradient in composition: the 
oxygen content is lowest at the oxide—metal interface. 
Hence the zone of wiistite in contact with the iron 
is normally the most unlikely part to convert to 
magnetite. A tentative explanation is that the oxide in 
structure B is wiistite at the higher temperatures. At 
some stage in the cooling, conditions are favourable 
for the diffusion of iron ions from the oxide inwards, to 


heterogeneous sub-scale 


scale 
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where they deposit on the existing metal. The 
zone of the wiistite that has been depleted of iron then 
has an excess of oxygen and it then transforms to 
primary magnetite. 

This type of mechanism depends on the relative 
diffusion coefficients and bond energies, so that it is 
highly temperature-dependent. The cooling history 
of the seale from the high oxidizing temperatures is 
definitely an important factor. An alternative 
explanation is that some form of internal oxidation 
occurs at low temperatures (below 570°C) which 
produces the inner layer of the higher oxide. 


REMOVAL OF SCALE 


The most prevalent method of removing 
from strip is by way of a continuous process of 
mechanical break-up followed by pickling in acid. The 
aim is to remove all scale as quickly as practicable 
so as to keep in step with the general rate of flow of 
material through the chain of manufacturing processes. 


scale 


Fundamentals of mechanical scale-breaking 

The function of mechanical scale-breaking is to 
crack the outer higher oxides which are less soluble 
and to give the acid access to the inner scale and the 
metal. Martin?* and Greenberger?* have indicated 
how the introduction of an improved scale-breaker 
effectively increased the pickling action of acid so that 
pickling speeds could be increased three to four times. 

The scale-breaking action is dependent on the mode 
of plastic deformation of the strip. One of the current 
methods is to subject the strip to a reverse bending 
action around small-diameter rolls before passing 
it through a roller leveller. 


processor leveller, and (6) giving the strip a small 
rolling reduction. 

The diameter and arrangement of the rolls in a 
conventional leveller type of scale-breaker should be 
designed to give the most rigorous surface deforma- 
tion. Because of the cold work and ageing effects, 
the severity of the scale-breaking is limited by the 
maximum hardness of strip that would be accepted 
by the cold-reduction mill. Yet it is interesting to note 
that large steelworks has installed a 
scale-breaker on the entry side of the pickling line to 
speed up the pickling rate. This suggests that the 
savings achieved by increasing the speed of the 
pickling line may outweigh the disadvantages of rolling 
what is a harder strip. Instead of using a bending 
action, it has been suggested that a twisting action on 
the strip might be more effective for scale-breaking.”® 
However, the results of this method are not available. 

The pattern and number of cracks are not only 
dependent on a particular scale-breaking operation 
but also on the mechanical properties of the scale. 
The latter will vary with the thickness and porosity 
of the scale, and with the proportion and distribution 
of the oxide phases and their relative strengths. 

Engell and Peters?® and Peters?’ have investigated 
the tenacity and structure of scale on thick plate. The 
effects of trace elements and finishing rolling tempera- 
ture play an important role in determining the 
properties of plate scale. The laboratory results 
generally appeared to correlate with the actua 
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descaling behaviours of plate scale in practice.2* The 
measurement of the tensile strength of the scale in a 
direction normal to the surface of the plate is, how- 
ever, relevant only to the problem of mechanically 
descaling by shot- or sand-blasting. The conclusions 
are not necessarily applicable to the problem of break- 
ing scale on strip by a bending action. 

The mechanical properties of thin scale on hot-rolled 
strip have not yet been investigated. 


Fundamentals of pickling 

Karly in the history of pickling, the beneficial! 
effects of increased bath temperatures were noted.?* 
In current practice temperatures of 88-99° C with 
acid baths of 6-26°% by volume of 100°, sulphuric 
acid are being used. This is the maximum practical 
range of temperatures for this type of pickling. Pro- 
viding the high temperature is maintained and the 
other less important factors such as the build-up of 
ferrous sulphate, hydrogen ion concentration, vis- 
cosity, and degree of agitation of the bath are also 
controlled,’ then it is relatively easy to maintain the 
acid bath at an extremely high activity. On the other 
hand, there is no doubt that scales differ in their ease 
of removal by pickling. In practice, different parts 
of the same scaled coil need varying pickling times to 
achieve a clean surface. Considering that all parts of 
the strip are exposed to the same scale-breaking and 
pickling treatment in the continuous process, it 
suggests that the differences in pickling are due to 
the differences in scale structure. 

Winterbottom and Read?* showed in a remarkable 
series of photomicrographs how acids preferentially 
dissolved the thicker inner layer of wiistite but left 
the two outer layers relatively untouched. It was 
also found that the scales produced at 900° C pickled 
faster than those produced between 520° and 900° C. 
This difference is attributed to the increased concentra- 
tion of wiistite present in high-temperature scale. 

Pfeil, in the discussion of this paper,?® pointed out 
that the wiistite after ‘slow cooling’ transformed 
as a eutectoid into magnetite and iron (4 FeO — 
Fe,0, Fe). As the rate of cooling alters the degree 
of transformation of this inner layer, it also has some 
effect on the rate of pickling. 

Hoar®® suggested an electrochemical mechanism to 
explain the rapid solution of the inner oxide layer 
despite its eutectoid decomposition to magnetite and 
iron. Hoar assumed that the inner layer is composed 
of unchanged wiistite, eutectoid magnetite, and iron. 
The actual proportions of these phases are dependent 
on the rate of cooling. When the acid comes into 
contact with the inner layer of the scale, the wiistite 
matrix (ferrous oxide) readily dissolves and small 
local electrolytic cells are set up with the eutectoid 
iron particles acting as the anodes and the eutectoid 
magnetite (ferroso-ferric oxide) particles as the 
cathodes. The iron dissolves as the ferrous ion whilst 
hydrogen deposits at the magnetite cathode which is 
then reduced to ferrous oxide. In these small cells the 
relatively insoluble ferroso-ferric oxide is thus con- 
verted to the more soluble ferrous type of oxide. The 
larger massive layer of magnetite is relatively insoluble 
and as the inner layer of the scale dissolves, the in- 
soluble remainder flakes off. 
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To explain the variability in the pickling of scale 
formed at different temperatures and cooled at 
different rates, it has been further suggested that the 
cooling history of the scale below 570° C determines 
the particle size of the wiistite breakdown products, 
i.e. of the magnetite and iron. For Hoar’s suggested 
electrochemical cell reaction to work rapidly, an 
optimum sub-microscopic particle size of 
products is essential.?- 23 31-32 However, no direct 
microscopic or X-ray evidence is put forward to 
confirm this, and there is also disagreement as to 
what the actual effects are with the different cooling 
rates, 7: 23, 24, 29, 30, 31 

There have been attempts to ‘condition’ the scale so 
that the inner wiistite layer is in the most favourable 
state for pickling.?* 3! The treatment consists of an 
immersion of the hot coils into a tank of water until 
the coil temperature is below 370° C. This is supposed 
to (a) provide a fine dispersion of eutectoid magnetite 
crystals of optimum size for pickling, (4) disrupt the 
outer scale, and (c) prevent sub-critical oxidation. 
Some improved rates of pickling were obtained but 
the overall results were erratic. 

The most recent work on scale structures and pick- 
ling indicates that theories based on Hoar’s suggested 
Fe,O,/acid/Fe electrochemical cell are incorrect. It 
is quite valid to consider that the cooling rate below 
570°C can affect the pickling behaviour insofar 
as it determines the breakdown of the wiistite. 
However, it must be emphasized that with a sufficient- 
ly rapid cooling rate, the wiistite can easily be retained 
in the metastable condition, which is distinguished 
readily from the breakdown structures of wiistite by 
means of microscopic and microhardness observa- 
tions. Another determining factor that was not 
previously considered is that the oxygen content of 
the wiistite before it is cooled also affects the decom- 
position rates and products.'? 2° Hence two scales 
similar except for different oxygen contents in the 
wiistite do not necessarily give the same inner layer 
structure even when cooled at the same rates. 

Moreover, Wever and Engell** have contirmed that 
the rapid solution in acid of an inner wiistite layer is 
an electrochemical process. Once the wiistite 
contact with the parent metal, it only dissolves 
chemically at a relatively slow rate. Engell®4 found 
that magnetite when in contact with the iron dis- 
solves at about the same rate as when by itselfin the acid. 

In the absence of a wiistite layer in contact with 
the parent metal, the pickling action is dependent on 
the relatively slow chemical solution of the scale and 
the metal. The evolution of hydrogen at the metal- 
scale interface tends to blow off the scale. 

Where the inner laver of the scale is partially trans- 
formed the speed of pickling probably depends on 
the proportion of wiistite still present and in contact 
with the metal. 

Insofar as batch pickling is concerned, some recent 
work of the Max Planck Institut is an important con- 
tribution to the understanding of its rate-determining 
mechanism.** 35 36. 37 Their general conclusion is 
that the batch pickling rate is determined by the 
thickness of the higher oxides and the density and 
distribution of the fissures and pores. The higher 
oxides act as a barrier to the acid and once they are 
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broken down by chemical solution the pickling rate is 
dependent on the density of the number of passages 
which allow the acid to penetrate to the wiistite and 
the parent metal completing the electrochemical 
cells. The structure of scale is primarily considered 
from the viewpoint of the density and distribution of the 
cavities and the protective role of the higher oxides. 


DISCUSSION 


Considering the electrochemical which is 
responsible for the fast solution of wiistite in acids, the 
ideal scale structure for pickling is one in which there is 
a continuous inner layer of wiistite in intimate con- 
tact with the metal and there is an infinite number of 
channels for the acid to penetrate through the outer 
relatively insoluble higher oxide layer(s) to complete 
the maximum possible number of electrochemical 
cells (Fe/Acid FeO) a strip 
is non-uniform, it is important to note that the rate of 
continuous pickling is determined by that part of the 
scale which is the most difficult to pickle. 

Using the ideal scale as a yardstick, one can predict 
that the structures B and C (Figs. 2 


process 


However, if the scale on 


2 and 3) are rather 
difficult to pir kle because of the continuous inner layer 
of magnetite separating the wiistite from the metal 
Removal of these scale layers depends on the slower 
rate of a chemical reaction. 

The exact effects of transformed wiistite on the rate 
of the electrochemical process are unknown but it can 
that the rate will be a function of the 
amount of wiistite in the inner scale layer in contact 
with the metal. The hardness of the transformed 
wiistite in structures A and D (Figs. 1 and 4) is 
similar to that of primary and pro-eutectoid magnetite 
except for islands of untransformed 
wiistite. There is very little of this ferrous phase in 
contact with the parent metal. The rate of the electro- 
chemical reaction would probably be highly attenu- 
ated with these structures. 

It is to be expected that, starting with the removal 
of the slab from the reheating furnace, the corners 
and edges of the hot metal cool faster than the centre 
and middle. These thermal gradients more or 
follow through into the hot-strip stage. They are gen- 
erally responsible for the difference in scale thicknesses 
and structures. This non-uniformity of temperature 
is illustrated by the variations in metal structure on 
the transverse cross-section of hot-rolled strip.*4 

Examination of scale on the narrow strip indicates 
that the pattern of the structures roughly 
follows what might have been the pattern of thermal 
gradients. However, the pattern is modified by the 
practice of starting the high-pressure water descalers 
only after the strip is in the roll gap, (a) by the method 
of run-out, and (6) in some cases by the build-up of 
scale at the exposed edges of the coiled strip. 

The mechanical properties of scale under a bending 
strain are important in the scale-breaking process 
It is obvious from the various structures observed in 
the scale on narrow strip that the absence or presence 
of wiistite or decomposed wiistite and the mode of 
distribution of the various phases will determine the 
cleavage planes in the scale. The bonding or locking 
between the inner oxide layer and the parent metal 
would also be a factor. 
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It is more difficult to predict how scale of the 
structures A and D would cleave. The bonding 
between metal and oxide might be the most significant 
factor in these cases. 

In the light of these arguments, the surface rough- 
ness of the metal must be considered as an important 
parameter when studying the mechanical behaviour 
of scale under the types of deformation encountered 
in scale-breakers. 

CONCLUSIONS 

From the ingot to the hot-rolled strip, the loss of 
metal to oxide varies from 5-9%, to 8-4%. Considera- 
tion should be given to the possibilities of minimizing 
the metal losses. For future development it should be 
ascertained whether it is worthwhile to decrease 
scaling by the more rapid cooling of the metal at 
strategic places along the line, e.g. after the slabbing 
mill, on the run-out table, and at the coiler, or by the 
use of a neutral atmosphere wherever possible, or by 
the more rapid or novel methods of reheating the 
slab. In the case of billets, induction and resistance 
heating have been successfully employed. The 
application of this form of heating to slabs has not yet 
been introduced. 

Scale thickness depends mainly on the time and 
temperature of formation. Most of the classical work 
has been done on studies of relatively thick scale 
equivalent to the heat treatment of, say, ingots or 
billets. That on hot-rolled strip is relatively very thin 
and is the product of an early stage of oxidation. 

Once the acid has access to the metal and inner parts 
of the scale, the removal of a layered oxide scale by 
pickling is fastest when the innermost layer in con- 
tact with the metal is wiistite. When the acid comes 
into contact with the two adjacent phases, an elec- 
trochemical cell is created which rapidly dissolves 
the wiistite. If this ferrous layer loses contact with the 
iron, the slower chemical solution of the oxide occurs. 
Magnetite does not form a satisfactory electrochemical 
cell with iron. However, wiistite can transform below 
570° C if cooled slowly and the products as well as the 
rates of decomposition depend on its original oxygen 
content and the rates of cooling. The fastest trans- 
formation occurs at about 480°C. Hence the prob- 
lems of the continuous scale removal from strip are 
associated with the degree of breakdown of the inner 
wiistite layer. Therefore the coiling temperature of 
the strip is very important because of the inherent 
slow rate of cooling in the coil. 

Some of the scale structures observed on the narrow 
strip have an innermost layer of transformed or 
partially transformed wiistite. Others show a non- 
classical sandwich type of structure with the inner and 
outer layers consisting of magnetite and a middle 
layer of wiistite. Very little is known about the forma- 
tion of this latter structure, which is certainly not ideal 
for optimum pickling speeds. 

Existing knowledge indicates that if wiistite is 
cooled fast enough to miss the nose of its S-curve at 
180° C, then the decomposition of the wiistite can be 
more easily avoided. Thus by controlling the struc- 
ture of the scale to give a continuous inner layer of 
wiistite, the rapid electrochemical solution of the 
inner layer can be used to obtain more rapid pickling 
rates. However, the discovery of a sandwich scale 
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structure indicates that further fundamental back- 
ground work is necessary to relate the scale structures 
to their particular thermal history before a more 
detailed proposal of scale treatment or conditioning 
can be suggested. 

An even more rigorous scale-breaking treatment 
is plausible. It has already been utilized in practice 
by the installation of a second scale-breaker without 
any detrimental effects to the cold-reduction process. 
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POWDER METALLURGY 


JOINT GROUP 


Meetings and publications 


Theoretical aspects of sintering 


THE FOURTH MEETING of the Powder Metallurgy Joint 
Group was held in London on 29th April 1959, when an 
informal discussion took place on * Theoretical aspects of 
sintering.’ The discussion was based on five specially 
invited review papers, which were published beforehand 
in Powder Metallurgy, the the Joint 
Group. ‘The papers were: * Processes involved in sinter- 


official organ of 


ing,’ by R. G. Bernard (Université de Lyon); fecent 
British developments in the theory of sintering *, by G. A. 
Geach (A.E.1. Research Laboratory); * Current progress 
in theories of sintering in the USA’, by J. T. Norton 


(Massachusetts Institute of Technology); ‘ Recent 
work on the theory of sintering in the German Democratic 
tepublic ’, by F. Thuimmler (Dresden) ; and * The mech- 
anism of sintering in single-component systems’, by 


I. M. Fedorchenko and R. A. Andrievsky (Kiev). 


Powder Metallurgy no. 3 


The latest Powder Metallurgy contains, in 
addition to the above five papers on sintering, a number 


issue of 


of original research papers, synopses of which are given 
here. Powder Metallurgy is published twice a year and is 
obtainable by 


annual subscription of 25s (post free). 
Members of 


The Iron and Steel Institute and The 


Institute of Metals have a privileged yearly rate of 


subscription of 108 (post free), 


The compaction of metal powders by rolling. I The 
prope ries of strip rolled from copper powders, by P. E. 
Evans and G. C. Smith (Department of Metallurgy, 
University of Cambridge) 

The investigation described is an extension of earlier 
work (‘ Symposium on Powder Metallurgy 1954’, p. 131: 
1956, London, The Iron and Steel Institute, and Sheet Metal 


Ind., 1955, vol. 32, p. 589), which described the effect of 


rolling pressure and sintering conditions on the mechani- 
cal properties of strip rolled from copper powders. The 
directional variation of UTS and of elongation of sintered 
strip are shown to be the same as those of solid copper 
with a similar microstructure, at least for material with 
up to 16°, porosity. The shape of powder particles and 
the particle-size distribution have a marked effect on the 
strength of sintered strip by virtue of their effect on the 
shape and size of the pores in the sintered material. 
Measurements of electrical reveal a linear 
relationship between conductivity and porosity over wide 
ranges of porosity in both ‘ 
conductivity increases 
minutes of sintering at 


resistance 


green ’ and sintered strip. The 
rapidly during the first few 
1 000° ¢ Measurements of the 
resistance in the rolling direction and in the transverse 
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direction, which are independent of local variations in 


density, have been made 


on green sheet; the resistance 
in the rolling direction is higher. <A correlation between 
this result and the mode of particle deformation is 


proposed, and is elaborated in Part LL of this paper. 

The compaction of metal pou lers by rolling. TI1 In 
examination of the compar fion Process 

The compaction process is examined in detail. It is 
shown that, where particle deformation is concerned, 
compaction by rolling is similar to compaction by static 
pressing, with the addition of elongation of the particles 
in the rolling direction when the rolling pressure 18 
sufficiently high. A method for determining the 
roll pressure is described. 


averaye 
A comparison of the rolling of a 
metal powder with the rolling of a solid bar, and the 
determination of the effect of particle shape and mean 
size, indicates that not only roll/powder friction but also 
the slip between particles play an important role in the 
compaction process. This leads to an examination ot the 
tlow properties of powders, which are measured in terms 
ofa’ powder-v iscosity factor that indicates whether and 
at what order of rolling speed a powder can be coherently 
compacted. Finally, a ompaction 18 
proposed on the basis of the prese nt findings and on the 
authors’ earlier work. 

Production of pure nickel strip by the direct rolling 
process, by D. K. Worn and R. P. Perks (The Mond 
Nickel Co, Ltd, Development and Research Department, 
Birmingham) 


mechanism of « 


Results are presented of an investigation into the 
production of pure nickel strip, 6 in. wide 0-030 in. 
thick, from carbonyl nickel powder, using compacting 
rolls 7% in. dia., arranged in a horizontal plane. Special 
reference is made to the factors affecting the quality and 
output of green strip: roll-gap dimensions, the head of 
powder above the roll gap, rolling speed, and raw- 
material properties. It is shown that for a given com 
pacting mill, the thickness of green strip that can be 
produced is strictly limited and that it becomes pro- 
gressively more difficult to achieve the limiting thickness 
with increase in rolling speed. A method of reducing the 
detrimental effect of high rolling speeds is described. 

The continuous sintering and subsequent processing of 
directly rolled strip, using conventional cold-rolling and 
annealing plant, are then considered, and the properties 
of fully processed material are compared with those of 
strip produced from melted and cast carbonyl nickel 
pellet. It is concluded that the direct-rolling process is 
capable of producing on a commercial basis nickel strip 
having properties which compare favourably with those 
of conventionally produced material. 
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The removal of internal porosity in copper, by B. 
Clapson and D. A. Robins (Research 
The General Electric Co. Ltd, Wembley). 

Observations on the removal of internal porosity in 
copper have shown the importance of grain boundaries in 
the sintering process. boundaries act as strong 
vacancy sinks in contrast to twin boundaries and disloca- 
tions, which apparently do not absorb a large number 
of vacancies. It is concluded that, in copper, the mechan 
ism of sintering is that of the diffusion of vacancies to the 
grain boundaries, where they are destroyed by the 
progressive removal of planes of atoms adjacent to the 


Laboratories, 


Grain 


boundaries. 


The influence of van der Waals force on the sinte ring of 


glass, by R. Bullough and F. O. Jones (Research Labora- 
tory, Associated Electrical Industries Ltd, Aldermaston, 
Berks. ) 

The contribution of van der Waals forces to the sinter- 
ing of glass particles has been estimated. The contribu- 
tion appears to be small relative to surface-tension forces 


TURKDOGAN AND LEAKE: EVOLUTION OF FUMES FROM IRON 


in practical cases, but may be of importance in the forma- 
tion of the initial bond during sintering. 


The oxidation oj 
titanium boride in the 
by N. F. Macdonald 
Aluminium Co. Ltd) 

The oxidation characteristics of pure hot-pressed 
titanium carbide and titanium boride (TiB,) have been 
studied in the range 300-1 000° C. 

Titanium carbide shows a very marked peak in the rate 
of oxidation at ~ 450° C, the oxidation product at this 
temperature being anatase (TiO,), which is powdery and 
non-adherent; the oxidation thus follows a linear law. 
Above ~ 700° C the rate increases rapidly again and is 
approximately parabolic. The scale in this case consists of 
a dense crystalline film of rutile. 

The oxidation of the boride is less rapid than that of the 
carbide over the whole temperature range but it, too, 
shows a slight peak at 450° C. The oxidation tends to be 
parabolic at higher temperatures. The nature of the 
oxidation products has not been determined. 
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Preliminary studies on 


the evolution of fumes 


irom iron at high temperatures 


By E. T. Turkdogan and L. E. Leake 


INTRODUCTION 
LITTLE FUNDAMENTAL WORK has been done to investi- 
gate the causes of fume formation at high tempera- 
tures in iron and steelmaking processes. Copious 


fumes are generally evolved during the conversion of 


hot metal to semi- or completely refined steel in the 
pneumatic processes; fumes are also evolved during 
certain stages of refining in electric-arc or open- 
hearth furnaces. It is a generally accepted view that 
the intensity of the fumes becomes greatest when 
commercially pure oxygen is used as the oxidizing 
medium, 


When studying the mechanism of the reduction of 


metallic oxides, Schaller and Kohlmeyer! noted that 
during the reduction of iron oxides by carbon and 
the oxidation of iron—carbon melts by air or ferric 
oxide. volatilization of iron occurred. This observation 
was later studied in more detail by Kohlmeyer and 
Spandau,? who found that when iron-carbon melts 
were decarburized by blowing oxygen or air on the 
surface or by adding ferric oxide pellets, brown iron- 
oxide fumes were produced; the amount of fume 
evolved became noticeably less when the carbon 
content of the melt was below 2°. Similar experi- 
ments carried out with molten manganese or nickel 
containing carbon produced manganese oxide or 
nickel oxide fumes. In the light of their experimental 
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SYNOPSIS 

Experiments have been carried out on I-g and 900-g amounts 
of molten iron containing carbon. The metal was decarburized 
using oxygen, air, ferric oxide, or mixtures of oxygen-steam or 
oxygen-carbon dioxide. Microscopical and X-ray examinations of 
the fumes gave information about the physical and chemical 
conditions of the constituent particles. The results indicate that the 
fume evolution decreases with decreasing carbon content of the 
melt. Attempts have been made to explain the causes of fume 
formation by considering the available data on converter practice 
as well as those obtained from the present work. It appears that 
whilst direct vaporization of iron in the converter process is a 
possible explanation, the fume accompanying the reaction between 
iron oxides and carbon may be caused by an indirect vaporization 
of iron, i.e. by the formation of either an iron carbonyl or a volatile 
iron sub-oxide. 1671 


results, Kohlmeyer and Spandau reached the con- 
clusion that the evolution of fume was brought about 
by the formation of a complex iron carbonyl which 
decomposed to iron and carbon monoxide above the 
surface of the melt; these substances were then oxi- 
dized in air yielding iron oxide fumes and carbon 
dioxide; if air were excluded there was a deposit of 
grey iron. 

Recently, Kosmider, Neuhaus, and Kratzenstein® 
put forward an entirely different explanation for this 
phenomenon. They suggested that during Bessemer 
refining of the hot metal by oxygen or air, the tem- 
perature of the metal at the tuyere tips is raised 
locally to very high values, perhaps up to about 
3 000° C. At these temperatures the vapour pressure 
of iron is quite high and therefore a fair quantity of 
iron vapour may be carried to the surface and blown 
into the atmosphere where it is readily oxidized 
producing reddish brown fumes. Using the results 
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of their measurements on a basic Bessemer converter, 
these authors calculated the temperature of the hot 
spots and obtained the following results: 
(a) t 2 300° C by refining with air 
(b) ¢t 2 650°C by refining with oxygen-enriched 
air, i.e. 33°, oxygen in the blast 


(c) t = 3.050° C by blowing with oxygen. 


In a detailed study of the chemistry of basic con- 
verter practice, Bogdandy and Pantke* obtained some 
useful data. Their measurements indicated that there 
was a rapid increase in fume emission during the last 
2 min of blowing and that the fume consisted of finely 
subdivided metallic iron together with its oxides. 
They stated that the iron vapour formed at the gas 
metal reaction zone, i.e. the hot carried 
through the bath by gas bubbles. During the early 
stages of blowing, the bath is stirred vigorously by 
the carbon boil and, as a result, condensed iron vapour 
dissolves in the bath before reaching the surface, and 
hence the absence of fumes. 

Holden® studied some of the factors which affect 
the emission of iron oxide fumes from basic OH 
furnaces. His results indicate that the fumes become 
appreciable when the carbon content of the metal is 
high and when pitch creosote is used in place of fuel 
oil. 

The experimental data so far available give some 
useful and interesting information on some of the 
steelmaking conditions which favour or hinder fume 
evolution. However, further detailed research is 
necessary before a definite theory can be put forward 
on the mechanism of fume formation at high tem- 
peratures. Experiments have been made to study 
some of the factors which might influence the extent 
of fume emission from molten iron and iron alloys: 
the results so far obtained will be discussed in this 
paper. 


spot, is 


EXPERIMENTAL 


Initial experiments were carried out on 1-g samples 
of alloyed iron melts. Then followed further experi- 
ments in which oxygen-bearing gases were blown on 
the surface of 900-g melts. 

In these experiments, iron alloys were heated in 


oxygen-bearing gases and the fumes collected. The 
apparatus used for these experiments was very similar 
to that normally used for sulphur determinations by 
the combustion method. The reaction tube was fitted 
on one end with a glass end-piece to which was sealed 
an optical flat so that the contents of the reaction 
tube could be observed during the experiments. This 
end-piece was also provided with a side arm for con- 
nection to a gas-supply cylinder. The exit end of the 


reaction tube carried a removable filter consisting of 


a glass tube packed with glass wool. The outlet end 
of this filter was connected to a glass tube containing 
copper oxide at 500° C and then to a carbon dioxide 
absorption train. In some experiments, carbon 
monoxide was formed as a result of oxidation of the 
sample containing carbon; this was oxidized in the 
copper oxide furnace to carbon dioxide which in turn 
was determined by the absorption method. To 
recover all the fumes, a silica tube inserted 
between the combustion boat and the glass-wool 
filter. The outside diameter of this tube, which served 


was 
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as a condenser, was slightly less than the bore of the 
reaction tube; this provided a comfortable sliding fit. 
The length of the condenser was adjusted so that one 
end extended to the fringe of the furnace hot zone 
and the other end protruded slightly from the cool 
end of the reaction tube. Most of the fumes were 
deposited on the inner wall of the condenser, whilst 
the remaining finer air-borne particles were trapped 
completely in the glass-wool filter. 

In a typical experiment the procedure was as 
follows: the reaction tube and carbon dioxide absorp 
tion train were first flushed with nitrogen, the carbon 
dioxide absorption tube having been previously 
weighed. The glass wool was renewed and the com- 
bustion boat, containing | g of an iron alloy of known 
composition, was inserted into the hot zone of the 
furnace. The glass end-piece was then rapidly re- 
placed. The sample was kept in an atmosphere of 
nitrogen for 5 min to allow the temperature of the 
boat and its contents to reach that of the furnace 
hot zone, i.e. 1 400° or 1 500° C. The flow of nitrogen 
was then stopped and the reacting gas, i.e. oxygen 
with or without other gases, was passed through the 
reaction chamber. At the end of a specified time 
interval, the flow of the reacting gas was stopped and 
the apparatus again purged with nitrogen. The con- 
denser tube was then withdrawn from the furnace, 
and together with the filter, 
30°, hydrochlorie acid solution which was kept 
boiling for 15 min. The iron oxides collected in both 
the condenser and filter were estimated quantitatively 
as total iron. The amount of carbon removed from 
the sample was derived from the gain in weight of 
the carbon dioxide absorbent. 

Throughout the experiments the total flow rate of 
the gases supplied to the furnace was | |./min. During 
the time of the reaction the true temperature of the 
melt might have been different from the initial tem- 
perature but no attempt was made to measure it, 


was immersed in hot 


Experiments with 900-¢ melts 

In these experiments, iron-carbon alloys melted 
in a high-frequency furnace were surface-blown with 
oxygen, air, oxygen-steam mixtures, or carbon 
dioxide, and the fumes produced were collected by 
means of an apparatus shown diagrammatically in 
Fig. 1. The reacting gas was metered through the 
lance at a rate of 500 ml/min. The duration of each 
experiment depended to some extent upon the rate 
at which fume was deposited on the filter and varied 
from 3 to 1l min. At the end of the reaction time 
the gas flow was stopped and the cowls and filter 
removed. The oxide fume collected on the filter, 
together with any fume deposits that could be re- 
moved with a fine brush from the porcelain hood, 
were dissolved in boiling hydrochloric acid and 
estimated as total iron. Immediately before and after 
each experiment the temperature of the melt was 
measured with a dip thermocouple and the metal was 
sampled for carbon analysis. 

On the same melt the above procedure was repeated 
several times with a view to observing the effect of 
the carbon content of the iron on the amount of fume 
produced. 

The fumes coilected were free of metallic splashes; 
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Fig. 1--Experimental apparatus 

these were trapped almost entirely on the inner surface 
of the silica cowl and porcelain hood, Visual examina- 
tion during and after the experiments indicated that 
only a small proportion of the fume was deposited on 
the inner surface of the silica cowl. No attempt was 
made to recover this fume deposit which was heavily 
contaminated with metal and slag splashes. 


Materials 

For experiments with l-g samples, various pure 
alloys were prepared in a h.f. furnace and the melts 
were sucked into 4-in. bore silica tubes and crushed 
as fine as possible. If the alloys were soft, turnings 
were obtainable. The composition of the alloys is 
given in Table I. The base metal was the high-purity 
BISRA iron and the other elements were of AR grade. 
For experiments with 900-g melts dead-mild steel was 
used. 

In a number of experiments 1 g of iron—carbon 
alloys or pure graphite was mixed with | g of a flux 
and the mixture was used in the experiments. The 
fluxes initially prepared by fusion were those corres- 
ponding to the following formule: Fe,SiO,, CaFe,O,, 
and CaSiO,; Fe,O, was prepared by heating ferric 
sulphate. 

RESULTS 
Experiments with 1-¢g melts 

When pure iron or its alloys with sulphur, nitrogen, 
phosphorus, silicon, or manganese were melted in a 
stream of oxygen (furnace temperature at 1 400° C) 
for 15 min, no detectable amount of fume was evolved. 
In experiments where the alloys in the combustion 
boat were covered with 1 g of ferric oxide, again no 
fume was evolved. 

When iron—carbon alloys were heated in an oxidiz- 
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TABLE I 
Composition of alloys prepared 





Element, wt- 


Base metal : Ss N > 





Iron 


Nickel 


Cobalt 


ing atmosphere, appreciable quantities of fume were 
evolved. In all cases oxidation of the sample was 
accompanied by fierce evolution of carbon monoxide 
which burned to carbon dioxide with a glow on the 
surface of the metal. Although there were metal 
splashes in the vicinity of the boat, the condenser 
tube was free of these splashes which were easily 
distinguishable from the condensed fume particles. 
When, on occasions, the condenser was contaminated 
with a few specks of iron oxide splashes, the experi- 
ment was discarded. 

One of the interesting features of the experiments 
was that immediately after the introduction of oxygen 
into the furnace, the oxidation of carbon and evolution 
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Fig. 2—Evolution of CO and Fe related to time of experi- 


ment (gas flow rate 1 1./min) 
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Fig. 3--Relationship between fume evolution and oxida- 
tion of carbon, (a) in oxygen, (6) in nitrogen using 
fluxes (gas flow rate 1 1. min 


of fume 
ceased, 


started. When the carbon-oxygen reaction 
there were no signs of fume evolution. To 
clarify this interesting observation a few time experi- 
ments were carried out with two of the iron—carbon 
alloys. As seen from the results in Fig. 2, in 2-33%% 
carbon alloy, the amounts of fume evolved and carbon 
oxidized in 15 min were the same as those obtained 
within the first 15-30 s of the reaction. With the 
alloy containing 6-12°,C the reaction was completed 
in 2-3 min. In all the subsequent experiments the 
reaction time was 15 min. 

The results are given graphically in Fig. 3 where 
the fume measured as total iron is plotted against 
the total amount of carbon oxidized (converted to 
carbon monoxide). The symbols represent the type 
of flux used and those within brackets indicate that 
pure graphite was used in place of an iron—carbon 
alloy. The points without symbols are for those 
melts where flux was not used. Independent of the 
nature of the flux, there is a definite relationship 
between fume evolution and the amount of de- 
carburization. The points in Fig. 3a for nickel—carbon 
and cobalt—carbon alloys are well in line with those 
obtained from the iron—carbon melts. When oxygen 
was replaced by nitrogen, there was a marked reduc- 
tion in the amount of fume formed. An increase in 
the initial temperature of the melt from 1 400° to 
1 500° C does not seem to influence the relationships 
in Figs. 3a and b. 

In a few experiments the samples, containing 
3-35°4C, were heated in oxygen—carbon dioxide 
mixtures and fumes were collected as before. At the 
end of the reaction time, 1 15 min, the condenser 
and filter were removed rapidly and the reaction tube 
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Fig. 4 Fume produced on melting 3.35°,, carbon-iron 
alloy in O, + CO, or O, H,O atmosphere; initial 
melt temperature 1 400° C and weight of sample 1 ¢ 

gas flow rate 1 1./min 


was connected to the carbon dioxide absorbent and 
pure oxygen was passed through the furnace. In 
this way it was possible to measure the percentage 
of the residual carbon. This was found to be negligible 
indicating that irrespective of the gas composition 
almost all the carbon was oxidized in a 15-min reaction 

As seen from the results in Fig. 
tinuous reduction in the amount 
as the amount of carbon dioxide 
increases. 


there is a 
of fume produced 
in the gas mixture 
When oxygen was replaced completely by 
carbon dioxide, the amount of evolved from 
1 g of 3-35°%,C alloy, i.e. 72 mg of CO from 1-g sample, 
was comparable with that produced by decarburizing 
the alloy with an iron oxide flux in a 
nitrogen. 

Three experiments carried out with 
oxygen containing 10°, 20°, or 30°, steam. This 
was accomplished by bubbling oxygen through water 
at a given temperature. Initially, the temperature 
of the water bath was calibrated against the per- 
centage of steam enrichment of the oxygen. The 
results given in Fig. 4 follow a pattern similar to that 
obtained with oxygen 


con 


fume 


stream of 


were also 


carbon dioxide mixtures. 
Experiments with 900-¢ melts 


In these experiments the melts were surface blown 
with oxygen, air, carbon dioxide, or oxygen 
mixtures and the results obtained are given in 
lable If. As seen from the results, the amount of 
fume produced decreased as the carbon content of the 
melt decreased. At carbon concentrations of 0-02°, 
the fume evolved was virtually nil. In melt E dead- 
mild steel containing about 0-02°/C was used and 
again no fumes were produced after 10 min of blowing. 
In Figs. 5 and 6 the amounts of fume collected as 
total iron per minute of blowing are plotted against 
the mean carbon content of the melt during blowing. 
There is a clear indication that the fumes produced 
increase with increasing carbon content of the melt. 
Jelow about 2°/, carbon in the melt, there was an 
appreciable reduction in the amount of fume evolved. 
These observations are quite in line with those of 
Kohlmeyer and Spandau.? Figure 6 shows that the 


steam 
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introduction of steam into oxygen reduces markedly 
the amount of fume formed, and when the metal is 
decarburized with pure carbon dioxide very little 
fume is evolved. 

It should be stated that the amount of the iron 
oxide particles deposited on the silica lance was some- 
what greater in oxygen-steam blowings than with 
those using pure oxygen or air. It is possible, there- 
fore, that some of the fume might have been agglomer- 
ated immediately above the surface of the melt when 
steam was blown along with oxygen. Although the 
results in Fig. 6 indicate an appreciable reduction in 
the amount of fume collected, it is not yet certain that 
the introduction of steam lowers the fume actually 
generated. 


TABLE Il 
Results of experiments with 900-¢ melts 





Starting Finishing! °C Time of Fume as 


Melt Expt. 





} 
°C a 
temp., temp., at poe blowing, total Fe, | 
no. no. Cc C tart finish cain £ 
O, blowing on surface 
| A i 1481 1510 3-46, 2-89 10 1-035 | 
| 2 1453* 1495 2-89 2-19 10 0-377 
cj} 1 1460 1538 43-76, «3-52 35 | 0-782 | 
2 1538 1547 3:52 3:26 3 0-781 | 
3 1547 1550 3:26 3-06 3 0-337 | 
| 4 1550 1560 3-06 2-68 4 0-628 
5 1544 1575 2:33) 2-15 7 0-112 | 
6 1575 1611 2:15, 1-74 7 0-064 
7 1611 1607 1:74, 1:14 10 0-030 
| D 1 1538 1545 0-98 0-39 10 0-058 
2 1545 1545 0-16 0-05 10 0-007 | 
| 3 1545 . 0-05 06:03 10 0-008 
4 0-03 0-02 10 0-003 
| 5 0-02 06-02 10 0-001 | 
6 0-02 0-02 10 0-001 | 
i | 
| E 1 i 10 0-001 
| 
| Air blowing on surface | 
F 1 1474 1505 3-40) 3-16 7 0-7 | 
2 1505 1531 3-16 2-88 7 1-054 | 
j 3 1531 1538 2:88 2-66 7 0-789 
4 1538 1545 2:66 2-34 in 0-639 
5 1545 1570 2:34, 2-04 ~ 0-084 
6 1570 1575 2:04 1-82 8 0-044 
| G 1 1538 1574 2:22 2-07 il 0-765 | 
2 1574 15% 2:07 1-88 9 0-187 | 
| 3 1596 1600 1:88 1-67 il 0-040 | 
} 4 1600 1603 1:67 | 1-48 10 0-042 | 
5 1603 1614 1:48 1-03 il 0 044 
6 1614 1605 1:03 | 0-90 il 0-044 | 
| 7 1605 1586 | 0:90 0-56 il 0-026 | 
8 1586 1585 0-56 0-29 il 0-016 
CO, blewing on surface | 
lui. 1495 1495 | 2-57) 2-49 10 0-004 | 
| 2 1495 1481 2:49 | 2-46 10 0-002 
3 1481 1476 | 2-46! 2-32 10 0-002 | 
| 4 1476 1439 2:32 | 2-10 10 | 0-002 | 
50°, O, + 50°, H,O vapour blowing on surface | 
rae 1488 1495 3-96) 3-57 10 1-679 | 
| 2 1495 1574 3-57 3-07 10 0-743 | 
3 1574 1625 3-07 | 2-40 10 0-203 | 
| 4 1442* 1531 1-55 0-69 7 0-044 | 
| 5 1531 1567 0-69 0-04 10 0-007 | 
6 | 1567 | 0-04 0-02 10 0-001 | 
70°, O, + 30°, H,O vapour blowing on surface 
| 
| mu] 1 1460 1464 | 3-42; 2-90 10 0-919 | 
2 1464 1404 2:90 | 2-41 10 0-321 | 
i 
9", O, 10% H,O vapour blowing on surface 
| L 1 1488 1517 3-60, 3-14 10 1-386 
2 1517 1567 3-14) 2-65 10 1-376 
| 3 1567 1599 2-65 2-28 10 0-037 | 
4 1599 1617 2-28 1-75 9 0-032 
| 4 1617 1581* 1-75 | 1-17 10 0-014 | 
| 6 1581 1580 1:17 0-52 10 0-009 





* Temperature lowered intentionally 
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content of 900-g melt (gas flow rate 500 ml/min 


From the results in Table I it will be seen that there 
is a marked increase in the temperature of the melt 
during the early stages of blowing. In some heats 
the increase in temperature during 20-30 min blowing 
was about 120°C. Owing to the design of the 
apparatus heat losses were high and no correlation 
could therefore be found between the temperature of 
the melt and blowing time. In series H, where carbon 
dioxide was the reacting gas, a slight reduction in 
temperature was observed. 
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Fig. 6—Fume as total iron related to the mean carbon 
content of 900-¢ melt (gas flow rate 500 ml/min) 
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TABLE IlIi—Use of oxygen 





Melt no. Expt. no. O, blown, 1. O, consumed, |. | 





5-00 79 
1-75 02 
68 
04 
85 
28 





In many experiments the amount of oxygen con- 
sumed in the oxidation of the carbon to carbon 
monoxide was much higher than that blown on to the 
metal, as will be seen from the few examples in Table 


Fig. 8—Photomicrographs of fumes produced during 
decarburization of molten iron by oxygen x 600 


The furnace assembly was not gas-tight, and there- 
fore, although nitrogen was blown into the crucible 
during the melting of the charge, it was not possible 
to avoid oxidation of the metal, and by the time the 
charge was molten the surface of the crucible in 
contact with the metal was saturated with iron 
oxides. Therefore, during decarburization, the carbon 
must have acquired some of the oxygen from this 
oxide layer. This is quite a common occurrence in 
practice where, during the early stages of oxygen 
blowing, the iron oxide content of the slag increases 
and, as the rate of decarburization increases at the 
later stages of blowing, there is a marked reduction 
in the iron oxide concentration of the slag. 


= ; Although these experiments clearly indicate that 
Fig. 7—Photomicrographs of fumes produced during Ni <a <a ” = 
decarburization of molten iron by ferric oxide in ecarburization is accompanied by fume evolution, 


nitrogen, (a) « 600, (b) x 3000 the rate or the amount of carbon oxidized during 
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each experiment does not seem to influence the amount 
of fume formed. 


X-ray and microscopical examination 

In experiments with l-g melts, some of the fumes 
were collected on thin slides for X-ray and micro- 
scopical examination. X-ray powder photographs of 
the fumes, from experiments in oxygen, indicate that 
the fumes consist mainly of ferric oxide (hexagonal 
and cubic forms) and some ferrous oxide with little 
or no magnetite. In experiments where iron—carbon 
alloys and ferric oxide mixtures were melted in a 
stream of nitrogen, the fumes consisted mainly of 
metallic iron with only a little ferrous and ferric 
oxide. ‘To facilitate the microscopical examination 
under transmitted light, the slides covered with a 
thin layer of fume were immersed in a suitable oil. 
Almost all the particles were spherical in shape as 
illustrated by the photomicrographs in Figs. 7 and 8. 
As indicated above, the fumes collected under nitrogen 
were mainly metallic iron and they appear black in 
transmitted plain-light and between crossed nicols. 
Strong light reflections seen on these particles in 
Figs. 7 and 8&8 indicate that the surfaces are well 
polished. When the fumes collected in an 
oxidizing atmosphere, the particles still retained their 
spherical shape but lost their metallic lustre as seen 
in Fig. 8. Between crossed nicols almost all the 
particles appeared ruby red in colour; some of the 
very small particles and a few thin flakes were light 
reddish-brown. Some of the particles in Fig. 8 
appeared irregular in shape. Under the microscope, 
however, it was clearly seen that a number of small 
spheres were very close to one another and the space 
between them was filled with very fine particles (a 
fraction of a micron in diameter) appearing more like 
thin reddish-brown clouds. Such details could not 
be recorded on a black and white photomicrograph. 
Careful examination showed that a number of the 
spheres were broken and appeared hollow inside. 
Figure 8 is a photograph of a broken sphere which 
appeared as a ruby-red coloured cup. However, there 
is not sufficient evidence to say whether or not all 
the spherical particles were hollow inside. This is 
an interesting observation, and further detailed studies 
on the shapes of the fume particles may yield con- 
structive information. 

The diameters of the spheres observed range from 
1 to 14yu; the diameter of the sphere in Fig. 7 was 
about I4u. Much finer particles were clustered to- 
gether and their sizes could not be measured with an 
ordinary microscope. 


were 


DISCUSSION 

The results obtained from the small and large-scale 
experiments indicate beyond doubt that the evolution 
of iron-oxide fumes accompanies the oxidation of 
carbon in molten iron. A few experiments showed 
that the same statement may apply equally well to 
cobalt-carbon and nickel-carbon melts, the fumes 
produced being cobalt or nickel oxide respectively. 
Another general conclusion is that when the oxidation 
of carbon is exothermic (with oxygen or in an oxidizing 
atmosphere), the fumes produced are appreciably 
larger in quantity than those produced by endothermic 
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interaction with ferric oxide, although fume is still 
produced under these conditions. 

The results of the experiments with 900 g of metal 
indicate that although the rate of decarburization 
not seem to influence the amount of fume 
formation, there is a definite relationship between the 
carbon content of the melt and the quantity of fume 
emitted. It was also observed that during the de 
carburization of iron containing more than about 
2-0°,C, the bubbles breaking on the surface were 
very small, and numerous sparks were thrown out. 
At lower carbon concentrations, however, the bubbles 
on the surface of the melt were very much larger in 
size as also were the particles of metal and slag thrown 
out of the bath. 

The results so far obtained classify broadly the con- 
ditions which may give rise to the formation of fumes; 
they do not, however, provide direct evidence for the 
construction of a model to illustrate the mechanism 
of this reaction. Nevertheless, the data presented in 
this paper together with those obtained by other 
investigators may suggest certain ideas on the possible 
mechanism of this reaction, and it is considered that 
the discussion of such ideas may contribute towards 
stimulating thoughts on the design of future experi- 
mental work. 

Although the present studies as well as some plant 
experiments®> with an OH _ furnace indicate 
linkage between fume formation and the carbon 
content of the bath, the evolution of fumes from the 

Sessemer converter takes place near the end of blow- 

ing when the carbon content of the bath is very low 
These two conditions giving rise to fume evolution 
are not compatible and it is therefore thought that 
there may be more than one mechanism for this 
phenomenon. 


does 


some 


Direct vaporization of iron 

When iron and its impurities react with oxygen, 
there should be some rise in the temperature of the 
melt at the reaction zone. Bogdandy and Pantke#* 
showed that the rise in temperature at the reaction 
zone, calculated from the amount of fume evolved 
during dephosphorization, increased to about 500° C 
above the nominal bath temperature, and these values 
were in agreement with those measured by Bogdandy.*® 
Furthermore, the concentrations of manganese and 
phosphorus in the fume collected increased with 
increasing concentrations of these elements dissolved 
in iron. These authors also found that much of the 
iron, in the fume collected in the converter mouth, 
was in the metallic state and the gas contained 4°, 
carbon monoxide and 1% carbon dioxide, the re- 
mainder being nitrogen. These authors suggested that 
formation of fume was the result of direct vaporization 
of iron, and the reason for the absence of fumes before 
dephosphorization was attributed to the violent 
‘carbon boil’ which facilitated the solution of iron 
vapour in the metal bath before the bubbles reached 
the surface. This argument is not altogether satis- 
factory, and therefore the authors suggest the follow- 
ing modification to this hypothesis. 

On a larger production plant, iron and its impurities 
will be oxidized at the tuyere level by the incoming 
air, the temperature of the reaction zone will be 
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increased and some of the metal could vaporize. Gas 
bubbles which rise through the bath could be sur- 
rounded by a liquid iron oxide-rich slag envelope and 
probably contain vapour phase in the form of mist. 
In a deep bath this envelope could be broken by the 
reducing action of carbon and any iron mist in the 
bubbles would therefore come into direct contact 
with the metal and dissolve in the bath. At the end 
of carbon removal, however, the liquid iron oxide 
envelope around the gas bubbles could remain un- 
reduced, and therefore the iron mist contained in these 
bubbles would pass through the bath and be dis- 
charged as fume. If this is the mechanism, three major 
conditions could influence its control: (i) a high tem- 
perature at the tuyere level, (ii) the coating of bubbles 
by an iron oxide film, and (iii) a carrier gas ascending 
rapidly through the bath. 

Although the same mechanism may apply to both 
acid and basic converter practices, in the basic process 
the oxidation of phosphorus and iron will raise the 
‘hot spot’ temperature to a level higher than that 
obtained by oxidizing iron alone, and therefore fume 
formation will increase. 
Kosmider et al.3 and Bogdandy and Pantke,* enrich- 


ment of air with oxygen increases the formation of 


fume as a result of an increase in the * hot spot’ 
temperature. Another interesting observation is that 
with oxygen-enriched blast some fume is evolved even 
during decarburization. Bearing in mind the mech- 
anism discussed, it may be suggested that with 
oxygen-enrichment, some of the bubbles rising 
through the bath may retain their iron oxide coating 
even during decarburization. 

Attempts to reproduce the above three conditions 
in the laboratory melts have not been successful. For 
example, when oxygen or air was blown into or on 
the surface of 900 ¢ of iron containing 0-1°,C and 
2°,P, no fumes evolved. Any conclusions 
reached from this particular laboratory experiment 
cannot obviously be related to actual 
practice. 


were 


converter 


Indirect vaporization of iron 


Consider again the experiments of Kohlmeyer et al.) 
and those of the authors: there is clear evidence that 
when carbon (dissolved in iron or in free graphite 
form) is oxidized by iron oxides in a neutral or an 
oxidizing atmosphere, fumes are evolved. 

In this case direct vaporization of iron is not 
possible, because (i) the reaction is endothermic, and 


(ii) at temperatures below 1 600°C, where decar- 


burization was carried out, the vapour pressure of 


iron is quite low. Since the system consists of iron, 
carbon, and oxygen, the only conclusion to be reached 
is that a volatile iron compound of the type Fe(CQ), 
or Fe,O must be formed. 


A fair amount is known about the properties of 


iron carbonyl, Fe(CO),;. At 25° C its heat of formation 
from iron and carbon monoxide is 54-0 Keal/mole 
and its melting and boiling points are 21° and 
105° C, respectively.?7_ This compound decomposes 
readily at elevated temperatures, and it appears most 
unlikely that it can form at steelmaking temperatures. 
In fact, when carbon monoxide was bubbled through 
iron—carbon melts, no fumes were observed. 
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A number of elements are known to form volatile 
e.g. SiO, Al,O, Zr,O. In fact many 
refractory oxides deteriorate on heating in reducing 
atmospheres by the formation of volatile sub-oxides, 
Similarly, some elements also form sub-halides which 
have high vapour pressures. For example, Russell, 
Martin, and Cochran® showed that when aluminium 
trichloride vapour was passed over metallic aluminium 
at 800° C and 0-001 atmosphere pressure, aluminium 
monochloride vapour could be formed, and at lower 
temperatures the monochloride disproportionated to 
yield metallic aluminium and the trichloride. Re- 
cently, some interesting experiments were carried out 
by Lee® on the transportation of metals by the 
formation and disproportion of the 
volatile sub-halides. He showed, for instance, that 
when ferrous chloride vapour was passed over metallic 
iron at 1 300°C and 2-3 mm Hg pressure, metallic 
iron and ferrous chloride were deposited on the walls 
of the cooler part of the furnace. 

From these statements it appears that the formation 
of a volatile iron sub-oxide is within the realm of 
possibility. If such an oxide is formed, it will dis 
proportionate at lower temperatures to yield iron and 
iron oxides. 

If the formation and subsequent disproportionating 
of a volatile iron oxide is the means for the indirect 
vaporization of iron, it should in theory be possible 
to achieve this by reacting iron oxides with reducing 
agents other than carbon, provided the physical con- 
ditions in the melt make the formation of gas bubbles 
possible. In this respect, carbon may perform an 
important additional role by forming carbon monoxide 
bubbles into which volatile iron oxide could diffuse 
From considerations it follows that detailed 
work should be carried out to discover whether or not 
a volatile iron oxide or an iron carbonyl exists at 
steelmaking temperatures and oxygen potentials. 

Unlike conventional converter practice, in top- 
blown oxygen processes the oxidation of iron takes 
place before and during decarburization and it is 
therefore plausible that fume formation may take 
place by direct as well as indirect vaporization of iron. 


sub-oxides, 


subsequent 


these 


CONCLUSIONS 

The experimental results indicate that decarburiza- 
tion of iron is accompanied by the emission of iron 
oxide fumes, and this decreases with decreasing carbon 
content of the melt. If oxygen is diluted by steam or 
carbon dioxide, or if decarburization is carried out by 
iron oxides, less fume is produced, Under laboratory 
conditions, the reaction of carbon-free iron or iron 
alloys with oxygen did not produce fumes. 

Considering the available data on converter prac- 
tice, it appears that direct vaporization of iron is a 
possible explanation of fume emission. The fact that 
this happens after the removal of carbon may be 
due to the retention of the iron oxide film around the 
gas bubbles where the iron mist is entrapped. 

When iron oxides react with carbon, fume is formed 
in spite of the fact that the reaction is endothermic. 
It therefore appears that an indirect vaporization of 
iron may be the mechanism of fume formation when 
decarburization of iron is brought about by iron 
oxides. This could involve the formation of a volatile 
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iron carbony! or even a volatile lower iron oxide. 

The mechanism of fume emission applicable to 
top-blown oxygen processes may be a combination of 
direct as well as indirect vaporization of iron. 


ADDENDUM 


At the time this paper was written the authors 
became aware of a paper by Son-Chol and Abrosimov!” 
who had investigated the fume evolution from an 
OH furnace by sampling the gases in the slag pocket, 
in the gas-checkers, and in the flues. They found 
that whilst the fume collected in the slag pocket 
during melt down was about 1-0 g/m—*, immediately 
after the hot metal addition fume emission increased 
to about 12 g/m~* and during refining it remained 
at about 0-7 g/m-%. When oxygen was blown into 
the metal, the fume in the slag pocket rose to 24 to 
34 g/m~*. When a steam—oxygen mixture (1-3: 1) 
was blown, the fume emitted was reduced by a 
factor of five. They observed that the average fume 
particle size was 0-7-0-07. The findings of Son-Chol 


LETTER TO THE EDITOR 


and Abrosimov are in accord with those of Holden® 
and give additional evidence in support of the argu- 
ments presented in this paper. 
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Letter to the Editor: + phase in the Fe—Cr—Ni-Ti system 


SINCE the occurrence of a phase designated x was first 
reported! a number of papers have described its occur- 
rence in Fe-Cr—Mo alloys?~* and Fe—Cr—Mo—Ti alloys.*: ® 
Kasper’ studied its structure using both X-ray and 
neutron diffraction. It was found to be an ordered 
a~Mn type. Although Ver Snyder and Beattie® and 
Koch and Ilsehner-Gensch* found that Ti 
promote the formation of x, as far as the writers are 
aware Mo has always been present in iron alloys where 
xX phase occurs with one exception. Kuo in the discussion 
to Ver Snyder and Beattie’s paper reports finding an 
analagous phase in the Fe—Cr—W ternary. 

During an investigation into the properties of an Fe 
Cr-Ni-Ti alloy (analysis 0-026°,C 0-54°,Mn 0-42° Si 
4-10%Ni 24-90%Cr 3-48°,Ti 0-037°,Al) we have 
encountered a phase with the same X-ray pattern as 


seems to 


TABLE I 
X-ray data for Fe-Cr-Ni-Ti x phase 





a 8 -838kX 
Intensity of Intensity of . 
| Fe Cr Ni-Mo x | Fe-Cr-Ni-Ti x A+kRs Pr Corrected d | 
| 
| 
| w | 
| vw vw 16 2-210 | 
8 s 18 2 083 
m m 22 1-884 | 
wm w“ 24 1-804 | 
w wm 26 1-733 
w | 
wm vvw 38 1-434 
| “ vw 44 1-332 | 
w w 45 1-276 | 
wm wm 50 1-250 } 
| ms ms 54 1-203 | 
vvw w 56 1-181 | 
| vvw vw 58 1-160 | 
| wm wm 62 1-122 | 
| vw vw 66 1-088 | 
{ w vw 68 1-072 | 
vw vw 70 1-056 | 
m m 72 1-042 
wm w 74 1-027 
vw vw 76 1-014 
vw vw 78 1-001 
j wm wm 82 0.9760 | 
i vw vvw 84 0.9643 
ww wm 86 0.9530 } 
wm w 88 60-9421 | 
| m m 90 06-9316 — | 
| wm w“ 94 09116 | 
| 
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X phase and aMn. There are, however, certain differences 
in line intensities, these are listed in Table I together 
with the interplanar 8-S838kX) and 
indices of the phase. A residue (which was completely 
X phase) obtained from a specimen heat treated at 
850° C for 120 h was sufficiently abundant to 
reasonably accurate chemical analysis. This indicated 
that the x phase might be allocated a formula Fe,,Cr, 
Ni,;Ti; compared with Fe,,Cr,,Mo,, after Andrews and 
FegeCr,,.Mo,, used by Kasper in his work, i.e. the replace 
ment of Mo atoms primarily by Ti atoms. 

Based on the suggested composition an alloy 
prepared with approximately 
specimen heat treated for 120 h at 850° C. An extracted 
residue proved to be predominantly xX phase (with a 
small amount of the hexagonal Laves phase based on 
Fe,Ti). 

It is intended to attempt to improve the quaternary 
Fe-Cr-Ni-Ti composition to give a pure x phase. It 
would also be interesting to find out whether the presence 
of Ni 

The results obtained, however, establish that x phase 
can occur in alloy steels containing titanium without 
molybdenum. In other cases reported so far the presence 
of molybdenum had apparently been decisive in leading 
to its formation rather than other constituents. 

H. HuGHEs 
D. T. LLEWELYN 
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yive a 
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Research and Development Department 
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Announcements and News of Science and Industry 


THE IRON AND STEEL 
INSTITUTE 


President’s announcements at Annual 
General Meeting 


\t the Annual! General Meeting of the Insti 
tute, held at Church House, Westminster, on 
Wednesday, 6th May, the President, Mr C. R 
Wheeler, ¢.B.e., made the following announce 
ments. 


Increase in subscription rates 


He said that the Council had reluctant! 
decided that it was necessary to ask Members 
to agree to an increase in subscription rates. 
The present rates had been in force since Ist 
January, 1949. The following resolutions wer 
put to the Meeting, and were carried unani 
mously 


1. That as from the Ist January, 1960, the 
annual subscription payable by ordinary 


members be increased to £5 5s. 0d. and 
the annual subscription payable by 
associate members whose age exceeds 


25 years be £3 3s. Od. 


2. That as from the Ist January, 1960, an) 
ordinary member whose subscription is 
not in arrear may at any time before the 
30th June in any year, or if elected after 
that date in the year, within one month of 
his election, compound for his subscrip 
tion for subsequent years on payment 
according to the following scale 


Up to 29 years of age £88 
From 30 to 39 years of age £79 
am 40 ,, 49 a a £70 
9 50 ,, 59 -— £61 


» 60 years of age and upwards £52 


Provided that the passing of this Resolution 
shall not prejudice the validity of any com 
position duly effected according to the scale 
out in Bye-Law 21 of the Institute's 
Bye-Laws 

The President stated that it was the inten 
tion of the Council to amend the regulations 
for Associate Membership, so that: 


set 


(a) the maximum age for Associate 
Members was increased from 25 to 28 


(6 


Associate Members up to the age of 
25 would continue to pay a subscrip 
tion at the reduced annual rate of 
£1 15s. Od. 


Members and Associate Members who were 
also Members of The Institute of Metals or of 


The Institution of Metallurgists or of an 
Affiliated Local Society or of a Kindred 
Society overseas would as at present be 


entitled to a reduction in subscription of 
4s. a year up to the age of 25 and of 10s. 6d. a 
year if over 25 years of age. 

The effect of these measures would be that 
as from Ist January, 1960, there would be no 
change in the subscriptions payable by those 
whose age did not exceed 25, that the subserip 
tion of those between the ages of 25 and 28 
would be £1 1s. Od. a year less, and that the 
subscription of those over the age of 28 would 
be £1 le. Od. more, than at present. 
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The proposed subscriptions payable from Ist January, 1960, are as follows 
Standard rate Reduced rate* 
Present Proposed Present ,roposed 

Ordinary Members +4 i U0 £5 5 0O £3.13 6 £4 14 6 
4ssociate Members* 

up to 25 vears of age fl 15 0 No change fl 11 0 No change 

over 25 and up to 28 vears of age 4 4 OF £3 3 0 £3.13 6 £2 12 6 

* Payable by those who are also Members of one of the Societies referred to above 

+ Ordinary Member’s rate. 

Members whose age does not exceed 28 will Mr A. J. Post, at present Assistant Secretary, 
be able to revert to the class of Associat« to be Deputy Seeretar 
Members if they so wish Mr H. F. Cleere, at present Production 

Members and Associate Members who are Editor. to he Ansstent Gectetery anil Mam 
assessable to United Kingdom Income Tax tiwn t oot In the latter capa red he emetaiacsil 
under Schedule E are reminded that they can responsible to Mr E. R. Mort, Managing 
now claim relief of tax in respect of their dttos 
subseriptions Mr R. J. D. Harvey, at present an Assistant 
: Editor, to be Production Editor 
Special Meeting in the USA 

The President said that the Council had Special Meeting on the North-East 
given a good deal of thought to the possibilit Coast 


of holding a meeting in the United States 
America. They were all agreed that it was most 
desirable from many points of view that the 
Institute should hold a meeting there Ac 
cordingly it was with very real pleasure that 
he announced that had been 
received from the Metallurgical Society { 
AIME (The American Institute Mining, 
Metallurgical, and Petroleum Engineers). The 
Secretary had written on 3lst March, 1959 
As directed by the Board of Directors 
of the Metallurgical Society of AIMF, T have 
been authorized to extend to The Tron and 
Steel Institute a cordial invitation to hold a 
Joint Meeting with our organization in the 
fall 1961. We sincerely hope that this 
invitation will meet with acceptance by the 
Council of The Tron and Steel Institute 
That invitation had been accepted. 
The Institute had close and friendly 
tions also with other societies in the 
States 


an invitation 


of 


ot 


rela 
United 
They hoped that some of these would 
be associated with the meeting. The Secretary 
of the American Iron and Steel Institute 
had said that that important organization 

will be very happy to assist in making the 
arrangements for plant and laboratory visits 
He had offered also to participate in the plan 
ning of the technical programme. That 
most satisfactory. 

The Council hoped that before long arrange 
ments would also have been made for participa 
tion by the American Society for Metals. 

This was only a preliminary intimation, but 
the Council thought it would be helpful for 
Members to know well advance that 
arrangements were in hand for a meeting of the 
Institute in the USA in the autumn of 1961 

He was sure that Members would wish to 
join with him in expressing appreciation to 
their American friends for their initiative in 
issuing their cordial invitation 

The President added that Mr Barr and h« 
had accepted invitations to attend the meeting 


was 


inh 


of the American Iron and Steel Institut« 
which was to be held in New York later in 
May 


Staff changes 


The President announced that the Council 
had, on the recommendation of the 
approved the following changes 
appointments: 


Secretary, 
in staff 
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The Institute is holdimg a Sper ial Me eting on 


the North-East Coast from Monday to Friday, 
6th to 10th July, by invitation of cor ipanies in 
the district 

Details of the meeting, together with rep 
forms, have already been circulated = to 
Member The following the rutling 
programme 
Monday, 6th July 

Vembers and Arrive in the North-East 


Ladies Coast area 

Tuesday, 7th July 
Vembers All-day visit to the Cleveland 
Works ot 

(Steel) Ltd., 
Lackenb, 


visit Eston 


and Lackenby 
Dorman Long 
with lunch 
Members will 
Wharf, the preparation 
and sinter plant, the South 
Bank coke ovens and the Clay 
Lane blast-furnaces (all at the 
Cleveland Works) and the 
steel plant and rolling mills, 
including the universal beam 
mill, at Lackenby 

All-day 


at 


ore 


motor-coach 


excur 
sion in Cleveland, including a 
visit to Rievaulx Abbey with 
lunch 
EVENING 
Members and Reception and buffet supper 
Ladies at the Spa Pavilion, Saltburn 


Members and Ladies will be 
the guests of Dorman Long 
and Co. Ltd., throughout the 


day and evening. 


Wednesday, 8th July 


Vembers All-day visit to South Durham 
Steel and Iron Co. Ltd., with 


lunch and tea. Members will 


visit the works at West 
Hartlepool, imceluding the 
South Plant under construc 


tion, in the morning and the 
Malleable Works at Stockton, 
including the 40-ft pipe plant, 
in the afternoon 

All day excur 
sion to Harrogate with hunch 
and tea 


Ladies 


motor-coach 
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EVENING 


Members and Reception and supper at 

Ladies South Works, West Hartle 
pool, 

Members and Ladies will be 

the guests of the South 

Durham Steel and Iron Co 


Ltd. throughout the day and 
eveniny 


Thursday, 9th July 


Members and Ladies 

MORNING Travel by motor-coach via 
tushyford or Durham to 
Lambton Castle, near Chester 
le-Street 

AFTERNOON 

V embers Visit to the Consett Works of 
the Consett Iron Co. Ltd 


Ladies Motor-coach excursion to the 
Roman Wall 
EVENING 
Members and Reception and dinner in the 
Ladies the Assembly Rooms, New 


eatle-upon-Tyne. 

Members and Ladies will be 
the guests of the Consett Lron 
Co, Ltd. throughout the day 
and evening. 


Friday, 10th July 
MORNING 
Vembers Visits to one of the 

works 

Stockton Works of Ash 
more, Benson, Pease and 
Co 

Thornaby and Middles 
brough Works of Head 
Wrightson and Co. Ltd 

Skinningrove Works of the 
Skinningrove Iron Co 
Ltd 


Morning free 
MEETING 


following 


Ladies 
END OF 


NEWS OF MEMBERS 

Mr W. R. Beswick has retired from th: 
board of the Power-Gas Corporation Ltd. 

Mr A. J. Blackwell been appointed 
technical manager of the Vulcan Foundry of 
Cardshaw Ltd., Eckington, near Sheffield. 

Mr R. M. Chapman has Ieft K & L Steel- 
founders and Engineers Ltd. to 
Leeturer in Industrial Metallurgy at 
borough College of Technology 

Mr §. G. Cope has been awarded the degre« 
of Ph.D. by London University. 

Mr H., E. Dixon, formerly chief metallurgist 
to Atomic Power Constructions Ltd., has been 
appoimted head of research and development 
and head of laboratories, Heston 

Mr George Foster has been appointed a 
special director of Dorman Long and Co. Ltd 
Steel) Ltd 


has been 


has 


become 


Lough 


and Dorman Long 

Mr A. G. Gilbertson appointed 
director of the Brown, Lenox group of com- 
panies and chairman of Brown, Lenox and 
('o. (London) Ltd 

The Earl of Halsbury bas joined the board 

Head Wrightson Ltd 

Mr D. W. Hammond has retired from the 
position of works director of William Jessop 
nd Sons Ltd. and J. J. Saville and Co. Ltd., 
but he will remain on the board of the new 
ompany, Jessop-Saville Ltd 

Mr E. J. Hancock is now in business as a 
blast-furnace consultant. 

Mr C. E. Holmstrom has joined the board of 
John Bedford and Sons Ltd 

Mr @. J. T. Hume has been awarde 
degree of Ph.D. and the Diploma of Im 
College. 

Mr D. C. F. Lunn, formerly deputy chief 
metallurgist, is now chief metallurgist to 
Atomic Power Constructions Ltd. 

Mr J. H. Osborn has been awarded a diploma 


by the Institute of British Foundrymen in 


Processes 






ANNOUNCEMENTS AND NEWS 


recognition of his part-authorship of a paper 
entitled ** A modern foundry for the 
amall steel 
techniques 4 

Mr T. E. Peacock has been awarded 
degree of Ph.D. by Durham Universit 

Dr L. B. Pfeil, r.x.s., has been elected a 
Fellow of the Imperial College of Science and 
lechnology. 

Mr F. H. Poole has been appointed joint 
managing director.of Eva Brothers Ltd. with 
the chairman, Mr V. W. Eva. 

Sir William Scott has 
ordinary member of coun 
Coast Institution of 
builders. 

Mr E. J. C. Smith has been appointed a local 
director of Khodesian Alloys (Private) Ltd 

Mr A. P. T. Taylor-Gill has left Edgar Allen 
and Co. Ltd. to join Canatlas Steels (England) 
Ltd 

Mr O. J. Thomas has joined the Tinplate 
Division of the Steel Company of Wales Ltd 

Mr F. H. Towler has relinquished his position 
as managing director of Towler Brothers 
(Patents) Ltd. in order to concentrate on the 
development of new and improved hydraulic 
products; he will remain vice-chairman of the 
company 

Dr J. F. Watkinson has relinquished his 
position as Head of the Metallurgy Division 
of the B.S.A. Group Research Centre to become 


manufac- 


ture of castings by new moulding 


the 


been elected an 
lofthe North East 


Engmeers and Ship 


general manager and a director of B.S.A 
Metal Powders Ltd., a newly formed sub 
sidiary within the B.S.A. Group. 


Dr J. Wilcock recently left the Department 
of Industrial Metallurgy, University of Bir- 
mingham, to join Powder Metallurgy Ltd. 


Obituary 
Mr Gaston Henry Gilbert (elected 1946), of 


Swansea, in March, 1959 

Mr Joseph Richard Greenwood (elected 1936), 
of Stockport, in March, 1959. 

Mr William Killingbeck (elected 1955), of 
Barrow-in-Furness, on 25th March, 1959. 

Sir William James Larke, «.n.+ 
M.I.MECH.E., M.1.E.E. (elected 1904; Honorary 
Vice-President 1946; Bessemer Gold Medallist 
1947; Honorary Member 1955), of London, on 
29th April, 1959. 


Die.. 


CONTRIBUTORS TO 
THE JOURNAL 


O. Cuscoleca, pirL.ine Fechnical Director 
Ocsterreichisch-Alpine Montangesellschaft, 
Vienna and Leoben, Austria. 

Otwin Cuse 
oleca was born 
in Vienna in 
1905 and edu 
cated at the 
Montanistische 
Hochschule, 
Leoben, and 
the Technische 
Hochschule, 
\achen. He 
qualified as a 
metallurgical 
engineer in 
1931, and 
joined Verei 
nigte Stahl- 
werke, Nieder 
rhein works. 
In the follow- 
ing vear, he 
transferred to 
the August 
Thyssen works of the same company at Ham 
born, staying there until 1939, when he joined 
Edelstahlwerk Schmidt und Clemens at 
Frankfurt-am-Main. From 1941 to 1945 he 
was with Hugo Schneider AG at 
ind he joined his present company in 1945, 

Mr ¢ uscoleca, who received the Hunt Award 
of the AIME in 1954, is the author of many 
technical papers, most of them concerned with 
oxygen steelmaking in the L-D converter. 
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Leipzig, 


Principal 
Divi 


8. Garber, 8.ENG.(MET PH.D 
Scientific Officer, Mechanical W 
sion, British Iron and Steel Research 
tion, Sheffield. 

Sidney Gar 


orking 


Associa 


ber was born 
in Middles 
brough in 


1923; his fam 
ily migrated 
to Canada in 
1029 He re 
ceived his sec 
ondary educa 





tion at West 
Hill High 
School, Mon 
treal. In 1944 
he graduated 
from MeGill 
University 
with the de 
gree of Bach- 
elor of En S. Garber 


gineering 
Metallurgy. 
foundries, he returned to 
out research in the Department of Metallurg, 
at Sheffield University During this period 
he was awarded an Andrew Carnegu 
Scholarship by The I 
He obtained the degree of Ph.D 

on the effect of sulphur, 
praphite 


it 





i 
After six years im steel and iron 


England to carr 


Research 
Institute 
1954 for 


seleniur 


on and Steel 


his work 
and tellurium on the 
Fe-C-Si alloys. 


rphology in 
After spending a year in Canada, Dr Garber 
returned to Engiand and joined BISRA. He 
is at present responsible tor the work of the 
Flat Rolled Products Research Team in the 
Mechanical Working Division He is also 
Secretary of the International Deep 
Research Group. 


V. Harrison--Manager, Medi 
Mill, Cleveland Works, Dorman Long 
Ltd. 

Mr Harrison 
was born in 
1927 and edu 
cated at St 
Joseph's 
lege, Dumfries. 
He joined Dor 
man Long in 
1943 as an en 
yineering ap 
prentice, and 
studied at the 
Constantine 
Teehnical Col 
lege, Middles 
brough, ob 
taining the 
Higher Na 


Drawing 


im Section 





oni iplo 

aongy as. V. Harrison 

ma in mech- 

anical engineering. After eight Irs AS assist 
and manager of various mills within the con 


pany, he was appointed first manager of th: 


new medium section mill in 1957 
V. Stephenson 
Central Engineering 
Long (Steel) Ltd. 
Mr Stephe n 
born 


Engineer 
Dorma 


Development 
De parti 


son Was 
in 1926 and 
educated at 
the Robert At 
kinson school, 
Thornaby on 
Tees. He 
joinedDorman 





Long im 1942 
as an engin- 
eermng appren 
tice, and ob- 
tained the 
Higher Na- 
tional Dip- 
loma in mech- 
anical engin- 
eering after 


V. Stephenson 


studying 
at the Constantine Technical College, Middles- 
brough. After service in the drawing office and 
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The Operational Research Department of ov D nt magnets, welding, , : easu! { t sthorit 
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Materials to be held on 23rd-25th August 


on the K.P.1 umpus, Troy, NY. There has 
been considerable activity recently in the 
study of fracture as a problem in metal physics. 
While the understanding of fracture mech 
anisms 1s currently receiving great emphasis, 


the translation of the state of the 
knowledge for the practising engineer is no 
It is hoped that the August 


this need by reviewing the 


present 


less important 

conference will fil 
current status of the 
relates to m 


fracture problem as it 


aterials of interest to the metal 
lurgical, materials, and mechanical 
The conference fee will be $10 
wishing to register should communicate 
Dr Ernest Nippes, 
Fracture Conference Registration, 
Rensselaer Polytechnic Institute, 


engineer 
Those 
with 


lroy, NY, 
USA 
Enquiries should be sent to 


Mr Richard W. Hardt, 
Fracture Conference Publicity, 
Ger il Engineering Laboratory, 
al Electric Company, 

1 River Road, 

Schenectady, NY, 

USA. 
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|International Galvanizing Conference 


Provisional arrangements being 
made for the Sixth International Conference 
on hot dip galvanizing, which is to be he ld in 
Cannes, France, in May, 1961. The Conference 
will be organized by the European General 
Galvanizers Association; detailed arrange 
ments in France will be made by its member, 
the Association Technique Francaise de 
Galvanisation 
Subjects for discussion at the Conference 

will include some or all of those mentioned 
below; those interested in submitting original 
papers for presentation at the Conference are 
asked to communicate with the organizers 

Works practice in general galvanizing 

Bath heating and control 

Galvanizing equipment 

Pretreatment of steel for galvanizing 

Metallurgy of galvanizing: influence of 

steel and bath composition 

After treatments of galvanized steel 

Treatment of residues 

Corrosion of galvanized coatings 

Quality control in galvanizing 

Sheet, wire, and tube galvanizing 
A general description of the work to be covered 
should be sent as soon as possible. A full 
outline of the paper will be required by May, 
1960, and provisional selection of papers will 
be made at that time Papers accepted for 
presentation at the conference will be required 
in full by Ist November, 1960 Further 
information may be obtained from the Zine 
Development Association, secretary to the 
EGGA, 34 Berkeley Square, London W.1 


are now 


Industrial Publications Received 


Instrument Screw Co. Ltd. has produced a 
booklet on Rosan permanently locked inserts 


and studs. 

“A Steel Foundry Service 
of a 28-page booklet from the 
Steel Foundry Ltd. 


is the subject 
North British 


Foundry Suppliers Ltd. of 25a Cockspur 
Street, London 8.W.1, are agents for the 
specific sand-surface test apparatus type 
SPOF and ‘the overhang-test apparatus 
described in leaflets from George Fischer Ltd 
»f Schaffhausen, Switzerland 





Publication No. 76 from W. C. Holmes and 
Co. Ltd. deals with Holmes-Western ‘ 55° gas 
valves 


A series of new italogues from Crofts 
Engineers) Ltd. cover fabricated ateel welded- 
boss construction conveyor pulleys (publica- 
tion 858), field netic clutch 
(5833), patent magnetic clutches and brakes 
(56923 , PowerGrip * timing ’ belt drives (5927), 





stationary 


mag 


JOURNAL 


OF THE IRON AND STEEL INSTITUT 


ANNOUNCEMENTS AND NEWS 


mergency shipping devices (5922), combined 
spur and worm double-reduction geared motor 
658), * Multispeed ’ geared motor units and 
reduction gears (5921), worm-geared motor 
1914), and * Croft-Ring ° tlexible and resilient 
iplings (5916) 
The Visco Engineering Co. Ltd. has recently 


591, describing 


brochure, no 
their *‘ Sprayblast il cooler 


issued 


a new 


Changes of Address 





Delapena and Son Ltd. have moved their 
viministrative staff to new Tewkes 
bury Road, Cheltenham tel I 56341) 
The factory remains at Zona works, on the 
present site (telephone 54653) 


Union Carbide Ltd., Alloys Division, has 
opened a new office at Newhall Street, 


Birmingham 3 (telephone Central 5011) 








BRITISH IRON AND 


TRANSLATION 


The following translations are now available, 
in addition to those given on p. 84 of the May, 
1959, issue of the journal 

997. Harssner, F., and H. Werk Investi- 
gations on the Rolling and Re-erystal- 
lization Textures of Carbonyl-iron.” 
irch. EFisenhiit., 1956, March, pp. 153 
160. (£5 15s. Od.) 
Zur, M.: ** The Water Supply System 
of the Hoesch-Westfalenhiitte A.G., 
Dortmund Stahl u. Eisen, 1958, Aug 
2Ist, pp. 1191-1200. (5 15s. Od.) 
Mayer, K. E., et al.: Automatic 
Control of Basic Converter Heats.’ 
Stahl u, Eisen, 1958, Nov. 13th, pp 
1670-1676. (£3 15s. Od.) 
Scut'tre, W., et al.: Organization of 
Supplies and Production and its Place 
in Planning and Management.”’ I 
Economy of Materials, Planning of 
Work, Recording and Signalling Sys- 
tems. Stahl u. Eisen, 1958, Aug. 8th, 
pp. 1045-1064. (£5 
Pretrer, W., and W. Marz: ** The Trans- 
formation Characteristics of 12-14% Cr 
Steels’? (with discussion) Arch 
Eisenhiit., 1957, Dec., pp. 807-823. 
(£9 108. Od.) 
Brosc#r, H., and H. WasurReEk: ‘‘ Pro 
duction Control in Kolling Mills by 
means of Communicating and Signal 
ling Systems.’ Stahl u. EFisen, 1959, 
Jan. 8th, pp. 23-32. (£6 10s. Od.) 
Wrzesinska, E.: ‘* The Determination 
of Nitrides of Aluminium, Silicon, Vana 
dium and Chromium in Carbon and 
Low Alloy Steels.’ Prace Inst. Hutn., 
1958, 3), pp. 180-183. (£4) 
CaBELKA, I. (CHABELKA): “ Practical 
Applications of the Modern Achieve 
ments in Welding Metallurgy.’” Avtom 
Svarka, 1958, June, pp. 3-12. (£5 5a. 0d.) 
Grave, G., et al.: *‘ Extra Large Spec 
trographic Apparatus and Its Applica 
tion in the Examination of [ron and 
Steel." Arch. Hisenhiit., 1958, Oct., 
pp. 619-626 (£5 108. Od.) 
Perrernorr, W., and H.-J. Brack 
SIECK Study of the Flame-tempera 
ture Radiation in an Open-hearth 
Furnace.”’ Stahl u. Eisen, 1956, Nov. 
Ist, pp. 1453-1456. (£3 5s. Od.) 
1229. Varuet, J.: Care of Rolls for Hot 
Rolling Thin Sheets.” J 


1170. 


1197 


1198 


1202 


1204. 


1212 


1215 


Rev nw. 


Mines, 1945, Sept. 15th, pp. 118-121. 
(£3) 

1232. Geruacu, E toll Cracking in Sheet 
Mills *’ Vet. u. Giessereitechn., 1952, 


Jan., pp. 14-17. (£2 158. Od.) 
Soxotovsku, V. I., et al.: ‘ Experi- 
mental Investigation into the Cold 
Reducing of Tubes.”’ Stal’, 1958, Dec., 
pp. 1112-1117. (£4 5s. Od.) 

Dascatv, S.: “ Effect of Manufacturing 


DIARY 


AMERICAN ASSOCIATION OF 
10th Annual Sym 


Ist-3rd June 


SPECTROG RAPHERS 


sium on Spectroscopy—Chicago, IIL, 
USA. 
[st-5th June—lith sRITISH ELECTRICAL 


PowkER ConventTIoN—-Torquay 


INTERNATIONAL PLASTICS 


Olympia, London 


17th-27th June 


EXHIBITION 


22nd-26th, June 
ASSOCIATION 
Statler, Los Angeles, ¢ 


24th June—CieveLanp INSTITUTION OF 
ENGINEERS—Works visit to International 
Harvester Co. Ltd Doncaster. 


CONTROL 
Hotel 


Arr POLLUTION 
Annual Meeting 
al., USA 


STEEL INDUSTRY 


SERVICE 


Process upon the Nature and Amount 
of Nonmetallic Inclusions in Steel 
fcad. Romine Met. Studii si Cercetari de 
Vetalurgie Sucharest), 1958, (1), pp 
39-52. (£5 15s. Od.) 

253. Latour, A., and J. Scnoop: ** Vibration 
Method for Preparing Converter Lin 
ings.”’ Stahl u. Eisen, 1953, Jan. 15th, 
pp. 81-84. (£3) 


1254. Koorz, T “* Nitrogen (Absorption of 
Iron.” Stahl u. Eisen, 1959, Feb. 5th 
pp 35-137. (£2 5s. Od.) 

1260. Bastien, P.: ** The Cracking and Frac 


ture of Steel Charged with Hydrogen.” 

Materialpriifung, 1959, Jan., pp. 3-12 

(£7) 
1261. Fomicnev, I. A.: ‘“‘ A New Method for 
Testing the Plastic Properties of Metals 
at Elevated Temperatures.” Zavods. 
Lab., 19 July, pp. 841-844. (£3) 
PROLINGHEVER, K.-H.: * Steelworks 
Cranes from the Work Study Point of 





1269 








View.” Férdern u. Heben, 1958, Feb., 
pp. 58-61. (£4) 

1286. Sraurrer, W., and A. Keuuer: “ Aus 
tenitic Steel Castings for the Construc 
tion of Gas- and Steam-turbines.” 
Giesserei, 1958, Apr. 24th, pp- 229-239. 
(£6 108. Od.) 


Parpon, L.: 
tion of the 
Furnace Slag.”’ Silikaty Svazek (Prague), 
1958, vol. 2, pp. 176-181. (£1 10s. Od.) 
1294. Weser, J.: ‘* Formation of Steam from 
Waste Heat and Efficiency of Dust 
Removal from the Converter Waste 
Gases of a Water-cooled Converter 
Stack by Cyclones. Stahl u. Eisen, 
1959, March Sth, pp. 291-294. (£3) 

ORESHKIN, G.: Blast Furnace Stack 
Cooling. Translation of a Paper entitled 

We must not be influenced by Out- 
worn Tradition.”” Promyshlenno-ekono 
micheskaya Gazeta, 1958, Dec. 21st £1) 
Hoornwec, W. J.: “* Modern Weigh- 
bridges.” Paper presented at the Third 
International Harbour Congress, Ant- 
werp, June, 1958. (£4 5s. 0d 
CLAASSEN, A., and L. Bastrnas: “ The 
Extraction of Ferric Chloride with 
Methyl! Isobuty! Ketone and Amyl 
Acetate.” Z. anal. Chem., 1958, (6), 
pp. 403-409. (£2) 

Catalogue cards for all translations issued 
by the British Iron and Steel Industry Transla- 
tion Service since its inception are now avail- 
able at 3d. each, plus postage; for new trans 
lations they are mailed every fortnight. Cards 
for articles listed in “ Other People’s Trans 
lations ’’ (published fortnightly by B.I.S.T.S 
since 27th February, 1959) can also be sup 
plied. Please send enquiries direct to J. A 
Hockley, The Madonna Press, 324 Aboyne 
Drive, West Wimbledon, London S.W.20 
(MALden 6998). 


Microscopical Investiga 
Crystallization of Blast 





1295 


1297 
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Note: The letters a, b, and ¢ refer to the three columns on the page concerned 
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*Abstracts, the reference to which is marked with an asterisk are, or are to be made available as translations 
MINERAL RESOURCES Reserves of Manganese Ore in Brazil Practice. H. H. Kipp. (Trans. Canad, 


Unknown Swiss Iron Ore Mines and an 
Inventory and Map of all Iron and Manganese 
Ore Occurrences in Switzerland. W. Ep- 


precht. (Schweiz. Mineralogische und Petro- 
jyrapische Mitteilung, 1957, 87 (2), 217-246, 
reprint; Beitrdge zur Geologie der Schweiz 
No. 19 

The Lias. A True Metalliferous Horizon. 
V. Charrin. (Genie Civil, 1959, 136, Feb., 
65-68). An account of the French Liassic 


deposits with iron and non-ferrous ore locali- 
ties 

The Genesis of Magnetite Ores of the Siber- 
ian Platform. N. V. Pavlov. (Bul. A.N. 
Ser. Geol., 1958, (9), 3-24). [In Russian]. 
Angara-Katanga, Angara-Vilmi and Vilmi- 
Kotni magnetite ores are described and their 
These ores are intruded 
into shelter zones penetrated by basic intrusive 
igneous rocks. It is suggested that the basic 
magma acting on the pre-existing salt deposits 
gave rise to emanations and solutions of iron 
chlorides and fluorides which after being 
transported, were deposited in fissures as 
magnetite ore s.1.T. 

Kuzsk Magnetic Anomalies. P. Y. Antro- 
pov. (Priroda, 1958, (7), 16). [In Russian]. 
Recent survey in the region of the well-known 
Kuzsk magnetic anomalies revealed the exist- 
ence of a belt of highly folded Proterozoic 
metamorphic rocks containing bands of 
ferruginous quartzite buried under a cover of 
some 40-500 m thick later sediments. At the 
base of this cover and in pockets occur a 
very rik h martite iron-ore a product of 
weathering of ferruginous quartzites. The 
estimates for the whole region suggest as a 
probable figure of total reserves of a rich iron 


genesis discussed. 


ore as 20 milliard t and a probable future 
annual eo of 70-80 million t per 


annum. I. T. 

The Manganese-Ore Deposits in Udaipur 
and Banswara, Rajasthan. B. C. Roy. 
Bull. Geol. Survey India, Ser. A, (14), pp- 31). 

Limestone and Dolomite Deposits in Gangpur, 
Sundargarh on, Orissa. S. Narayana- 
swamy, M. Nath, 8S. C, Chakravarty and A. R. 
Gokul. (Bull. Geol. Survey India, Ser. A, 
1957, (12), pp. 75). 

Zirconium and Hafnium in the South- 
eastern Atlantic States. J. B. Mertie, jun. 
(U.S. Geol. Survey Bull., 1082-A, pp. 28). 
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Regulation of its Export. F. J. Pinto de 
Souza. (Eng. Min. e Met., 1958, 28, Aug., 
73-75). [In Portuguese]. After a 
discussion of the present position, the author 
outlines the uses of Mn and gives details of 
the deposits and reserves, estimated at 10* 
t, in the four main regions, Mato Grosso, 
Amapé, Minas Gerais and Bahia. Export 
policy is discussed and new proposals are 
made which would allow the annual export 
of a fraction I/n from each region. For 
Minas Gerais, n would be 30, but 20 is pro 
posed for the other regions. —P. s. 


ORES—MINING AND TREATMENT 


Developments in Ammonium Nitrate Blast- 
ing by Iron Ore Company. H. FE. Farnam 
jun. (Can. Min. J., 1958, 12, Dec., 58-61) 
The practice of the Iron Ore Co. of Canada is 
de 28C ribed. 

A Survey of the a. Ore Industry in Canada 
during 1957. T. H. Janes and R. B. Elver. 
(Dept. Mines, Ottaw a, Mineral Resources 
Division, Bull., MR 27, 1958, June, pp. 116). 
A survey of production, ore composition and 
beneficiation, companies engaged and other 
possible locations is given. 

Joda Iron Ore Mine Starts Operation. 
(Iron Steel Rev., 1958, 2, Oct., 407-408). 
The first stage of developing the Joda ore 
deposit in Orissa has been the construction 
of a 4855 ft aerial ropeway, with a capacity 
of 300 t per h.—a. Gc. 

Principal Trends in the Development of 
Stages for the Treatment of Ores Prior to 
Dressing. W. K. Zachwatkin. (Neue Hiitte, 
1958, 3, Nov., 643-650). Methods and equip- 
ment for grinding ores prior to flotation 
are subdivided into four stages differing in the 
number of grinding processes and in the use 
of open-circuits. The use of open-circuit 
rod mills as penultimate, and of re mills 
as ultimate stages is advocated.—t. J. 

Microradiographic Study of the ‘Action - 
Flotation Reagents. I. N. Plaksin, 8. 
Zaitseva, G. A. Myasnikova, L. P. Seonchik, 

I. Turnikova, G. N. Khazhinskaya and 


R. S. Shaefeyev. (Trans. Inst. Min. Met., 
1957-58, 67, 1-7). Illustrated with auto- 
radiographs. Xanthates labelled with 8S 
were used 


Development of Tungsten Ore Dressing 
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brief 


1.M.M., 1957, 60, 76-78 
Canadian Exploration Ltd 
described. 

The Isolation and Separation of Niobium 
and Tantalum Pentoxides from Mineral Con- 
centrates by Liquid-Liquid Extraction. G. H. 
Faye and W. RK. Inman. (Trans. Canad 
I1.M.M., 1957, 60, 343-347 The treatment 
of pyrochlore ores and the extraction and 
separation of Nb and Ta from HF-HNO, 
solution with methyl isobutyl ketone (2 
methylpentan-4-one) is described on the 
laboratory scale. 99-5 purity and 95° 
recovery were attained. 

Wire Ropes for Mines. W. bk. Brown. 
(Trans. Canad. 1.M.M., 1957, 60, 318-325). 
ee rties of the ropes and the wire and core 
materials used and selection for the 
purposes are discu 

The Recovery of Molybdenum from Acid 
Solution Using Potassium Ferrocyanide. D. 
Robbins. (J. Appl. Chem., 1958, 8, Dec., 
777-781). 

Study on the Utilisation of Laterite. On the 


Practice at 
Salmo, B.C. is 


o 


various 


ssed 


Recovery of Nickel in Laterite. II. M. 
Tanaka. (Tetsu to Hagane, 1958, 44, Mar., 
281-282).—xK. E. J 

Fundamental | Studies on the Magnetic 


Roasting of Iron Ores. II. A. Kondo. 
(Tetsu to Hagane, 1958, 44, Mar., 282-284). 
The effects of varying hydrogen flow rate at 
500° ¢ metallic ntent and mag- 
netite content are traced; higher flow rates 
give leas magnetite.-K. E 

Agglomeration of Iron Sand with a Rotary 
—. Y a oto (Teteu to Hagane, 

1958, 44, Mar., 2 286) K. 

Flash Roasting ‘ot NF Sulphide ‘Ores to Sul- 
phate. G. Ya. Leizerovich, I. 8. Lonskii 
and V. Z. Charnyi. (Tsvetnye Metally, 1957, 
13, (9), 19-25; Neue Hite, 1958, 3, (9), 
567-568). A pilot plant is described treating 
a Cu-Pb-Zn ore with 24-9%Fe and tempera 
ture and other conditions are investigated. 
Full scale operation is regarded as possible. 

The Metallurgical Evaluation of Iron Ores 
and Other Raw Materials. A. N. Pochwis- 
new. (Metallurgie u. Giesserei-Technik 
Mar., 82-85). The concept of heat equivalent 
of A. N. Ramm is developed taking into 
account coke rate and costes. An example 
for the blast furnace is worked out and 
numerical values are given. 


on the iron ¢ 
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Sintering Plant Now in Operation at the 
Ashland Works. Armco Steel Corp Blast 
Furn. Steel Plant, 1958, 46, Dec., 1297-1300 
The 2400-t per day sintering plant now in 
operation at the Ashland, Kentucky works 
for the agglomeration of iron oré 
other raw 
photographs of the plant being included 

Sintering: 5000 Tons a Day! Met. Prog 
1958, 74, Sept., 74-77). The new 
plant of the Ohio Works of U.S 
is described and illustrated. The 
virtually automatic, it produces a 
porous cake and the fines formerly lost are 


fines and 


materials is Smarnes, several 


sintering 
Steel Corp 
plant is 


strony 


now used. 3y charging sinter in the blast 
furnace wr ew of the furnace is raised 
by 25%. 

Study o- Sintering Factors, Particularly 


the Air-Flow through 
Toyozawa. Tetsu to Hagane, 1958, 44, Mar., 
289-291). In Japanese Measurements 
were made of air flows and temp. in the suction 


the Sinter Bed. H 


pipeline and windboxes, and of air flows in 
the hood. From these, 
leakages on the fan and temperatures and 
varying depths in the 


results are given for 
sintering — at 
bed K.E 
Sintering of Small Green Pellets (Semi. Pellets) 
Mixture. M. Serizawa Tetsu to Hagane, 
1958, 44, Mar., 286-288). Semi-pellets ’ 
of pyrites cinder and Goa fines of size 2-5 
mm are than those of 5 


sizes 5-10 
and 10-15 mm, and strength is improved by 


atronger 


lime additions up to 5‘ With 40°, of 
semi-pellets"’ sintering time is at a min 
and yield at a max.—k. | 


Effect of Moisture on the Sintering of Iron 
Ore Mixture. A. Senda. (Tetsu to Hagan 
1958, 44, Mar., 296-299). For various ores 
and sinter mixes and size 
analyses given), the 
t m? min) reac hes @& maxXimutm with variation 
content; the 
moisture content varies between 6 
according to the mix.-—-K. EB. J 

Study on the Sintering of Mixed Ores. On 
Magnetite Mixed with Limonite. IT. Saka- 
kibara (Tetsu to Hagane, 1958, 44, Mar., 
291-293) x. 38.7 

Influence of Various Basic Additions on the 
Fageient Properties of a Siliceous Ore Sinter. 

A. Boned Sopena (Inst. Hierro Acero, 
ion 11, July-Sept., 155-167) In Spanish}. 
Siliceous ore of the Paz del Rio (48-80°, Fe, 
9-55 Si0,, 7°65°,Al,0,), ground to 5 mm, 
experiments, Additions of 
dolomite and magnesite 


compositions 


production degree in 


corresponding 
and 10°, 


in moisture 


tor the 
materia] such as lime, 


was used 


charge basicity — 


were made to give 

ranging from 0-3 to 1-2.(1 CaO Mg 
(S10, ALO, The charges made with « a 
mite (i 0-4), calcined dolomite (i 0-6 
and 1-1) and lime (i 0-3 and 0-5) gave 


the coarsest sinters, though sinters of the ore 
were somewhat coarser; the coarseness 
addition and 
nature and amount 
added sinters of 


alone 
is independent of the %, coke 
seems to depend on the 


of the basic materials 


good size were obtained with 21-4°,, calcined 
dolomite i 1-04 It is shown that there 
is a close correlation between the degree of 
oxidation and the fines (0 2-5mm) in the sinter 


as found by screening so the degree of oxida 


tion can be used as a criterion of physical 
quality; there is also a statistical correlation 


between the deyree of oxidation and the ratio 


standard deviation mean particle size found 
by the Micum drum test P.Ss 
Powdering of “* Harada’s Briquettes,” Sinter 


and Pellets during = Roasting. JT. Oshiumi. 
(Tetsu to Hagane, 1958, 44, Mar., 295-296) 
Results are given for powder formation from 
sinter, briquettes and pellets at various temp 
in CO gas, and at 500° C in atmospheres of 
(CO + CO,) and (CO, CO, N, K. F 
Suitability of Anthracite as a Sintering Fuel. 
K. Miyakawa (Tetsu to Hagane, 1958, 44, 


Mar., 293-295 Various properties and 
sintering characteristics of anthracite § are 
compared with those of coke breeze. In 
general, sinter strengths and yields are lower 


with anthracite. «. ©. 3 

Sintering of Ore Fines and Muds. L 
Visnyovezky and T. Holl Koh. Lapok, 
1958, 138, Oct.-Nov., 477-481 In this first 
part of the paper the authors critically review 
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ABSTRACTS 


various sintering methods applied in Hungary 
and elsewhere. They also describe Hungarian 
experiments on pelletizing ore 
paring them for sintering 
Chlorination of Fines Daring Sintering. 
~ Neuhaus and H. Schenck (*Stahl Eisen, 
1958, 78, Nov. 13, 1662-1670). The 
discuss the effects of ampurits es in 
trates, pyrites, dusts and sludges on the 


Lae for pre- 


authors 
concen- 


quality 


of the iron produced from them; zine being 
the element of the highest concentration, 
followed by lead, copper, ete. The attempt 


to remove these elements via the 

The fines were whilst 
ammonium chloride, magnesium chloride or 
lcium chloride was added as a slurry, the 
aiding the vaporization of the 
metal chlorides formed It was found that 
chloride showed a 
chlorinating effect and at the 
mitted a high 


was made 
gas phase. sintered 
ca 
water heavy- 
only calcium sufficient 
time per 
sinter and a high 
strength of the briquettes \ 4°, addition 
of powdered markedly increased 
the removal of zine, a rate of "716% 
obtained P. Ge 

The Corrosion of Coke Oven Linings in 


same 
output ot 
limestone 


being 


Conditions of Ferrocoke Production. M. 
Starczewski Prace Inst. Hutn., 1958, (5), 
255-259 Fireclay and silica brick linings 
were examined in full-scale tests. The 
pusher charger produced much erosion and 


blackening due to carbon 
catalysed by iron 


deposition from CO 
occurred 
tests were not resist- 


compounds 
Phe bricks in laboratory 
ant to CO at 500° ¢ 


FUEL—-PREPARATION, 
PROPERTIES, AND USES 


Geology and Coal Resources of the Centralia- 
Chehalis District, Washington. P. D. Snave- 
ley, jun., R. D. Brown, jun., A. E 
and W. W. Rau. (U.S. Geol. Survey 
1053, 1958, pp. 159) 

Geology and Coal Resources of the Tiptop 
Quadrangle, Kentucky. S. W. Welch. (U.S. 
Geol. Survey Bull. 1042-P, 1958, 585-612) 

A Revision of the Geology and Coal Resources 
of the Jharia Coalfield. 1). K. S. Mehta 
ind B. R. Narayana Murthy. (Mem. Geol. 
Survey India, 1957, 84, pp 142). 

Coal Preparation with Particular Reference 
to Carbonisation Coals. |). A. Hall and H. 
Macpherson Gas World, 1958, 148, Dec. 6, 
103-113 

Relationship of the Properties of Coals and 
Coal Blends with the Quality of Coke Pro- 


Loberts 


Bull., 


duced. H McKellar, W. jurns and V, 
Giedroy J. Inst. Fuel, 1958, 31, Dec., 
528-53 


The Rheological Properties of Water Suspen- 
sions of Finely Subdivided Magnetite, Galena 
and Ferrosilicon. (:. V. Govier, C. A. Shook 
and Ek. O Lilge Trans. Canad. I.M.M 9 
1957, 60, 147-154 Settling rates and 
viscosities are determined. 

Careful Transshipment of Coke and Coal in 
Emden Harbour. K. Schmoll (Demag 
Nachr., 1958, (154), 18-22). Details are given 
of the equipment and techniques used for the 
trar sshipment of coke and coal at Emden 
to avoid damage to the material 

Coking Conditions and the Mechanical 
Preparation of Coals. K. Loison. (Jnst. Nac. 
Carbon Bol. Inf., 1958, 7, May-June, 95-121), 
Factors in plant operation and coke quality 
resulting from preparation 
moisture, particle size, S and P are discussed. 
Exact knowledge might be of value in steel- 
works. 

Chemical Structure and Properties of Coal 
XXI-—-The Kinetics of Coal Carbonization. 
D. Fitzgerald and D. W. van Krevelen. 
(Fuel, 1959, 38, Jan., 17-37). Previous work 
has been based on loss of weight and hence 
mainly on tar formation. This 
based on the gases evolved. 

The Mechanism of Coking. M. Sziies and 
L. Gartner (Koh. Lapok, 1958, 18, Oct.- 
Nov., 491-497). A review. (78 refs.). 

Study on the Manufacturing Conditions of 
the Coke Used for the 1500-ton Blast Furnace. 
I. 38S. Ida Tetsu to Hagane, 1958, 44, Mar., 
303-306 Blending data, coking conditions 
prope rties are compared tor coke 


such as ash, 


study is 


and coke 


produced by United Steel Phila 
delphia Coke Co., Southern Colliery (Australia) 
and Yawata Iron and Steel Works K.E.J 

The Role of Carbon Dioxide Reduction in the 
Combustion of a S ¥ — ikhanov. 
(*Brennstoff-Chemie, 1957, 38, t. 16, 289 
297). Various regions of reaction are distin- 
guished and the part played by the CO,-C 
reactions in combustion is discussed 

On the Heating Value of Coke, On the 
Calculation of a Formula of Heating Value 
Based on Technical Analysis of Coke. % 
Nishida (Tetsu to Hagane, 1958, 44, Mar., 
300-302). The compositions and heating 
values of heated at various temp 
between 650° and 1550° C are given: and 
experimental results give the heating values 
of the gas and the residue.—k. FE. J. 


( orp., 


1 
cokes 


AIR POLLUTION AND SMOKE 


The Estimation of the Darkness of Smoke 
by Visual Methods. L. E. Reed. (/. Inst 
Fuel, 1959, 32, Jan., 3-9). 

Water Plots Air Flow. 
Nov. 10, 124). This short 
how a water-flow model is 
air flow characteristics of designs for 
precipitators D. L. C. P 

Phase-Contrast Microscopy in Dust Tech- 
nology. K. G. Schmidt *Staub, 1955, 
436-464 A method of mineral dust identi 
fication by examination 
is described. 


(Steel, 1958, 143, 
article describes 
used to study the 
electric 


of immersed samples 


TEMPERATURE MEASUREMEN 
AND CONTROL 
Improvement in Measurements by the 


Immersion Pyrometer. K Nakamachi 
Tetsu to Hagane, 1958, 44, Mar., 239-241) 
Accuracy of Optical Fyrometey in the Range 
800 C to 4000° C. R. Lovejoy Can 
J. Phys., 1958, 36, Oc 1397-1408) High 
precision work suggesting a revision of the 
International Temperature Scale is reported 


REFRAC’ 
Research on 


rORY MATERIALS 


Refractories at Imperial 


College. L. R sarrett Refract. J., 1958, 
34, Nov., 494-498). Title of theses since 
1948 are added 

Properties of the Refractory Bricks Currently 
Used. (Stahl Eisen, 1958, 78, Nov yi 


Verein 
physical 


1755) \ list compiled by the 
Kisenhittenleute of the 
chemical analysis and fields of 
application of refractory bricks under the 
headings: Properties of Bricks for Pig Iron 
and Steel Ladles; Properties of Fire-Clay 
Bricks Class A (up to 45°, AI,O,;); and 
Properties of Silica Bricks for Steel Works. 

The Behaviour of Basic Bricks in Reducing 
Atmospheres and Their Behaviour as Regards 
Carbon Monoxide and Methane Disintegration. 
G. Reinhardt. (*Tonindustrie Zeitung, 1958, 
3-4), 38-41). The effect of reducing gases 
on experimental ma fractories is 
shown to depend upon attack on the iron 
content and deposition Methane 
attacks the brick more rapidly than CO, but 
the mechanism is very much the same 

Effect of Composition of Kiln Atmosphere 
in the Firing of Refractory Oxides. F. 
Sandford and E. Ericsson immer. Ceram 
Soc., 1958, 41, Dec., 527-531 ALO, is 
shown to lose O, at 1400-1500°C in 
vapour but the weight 
air ofr N, Kiln 
at 800—1200° C, 


1754 
Deutscher 
properties, 


gnesite r¢ 


carbon 


water 
hange in 
mullite 
with 


does not 
gases dissolve in 
solubility increasing 
temperature. The latter observation is con 
nected with lattice defects 

Distinguishing between Maullite and Silli- 
manite by ~—_ Spectrometry. !. Tarte. 
Silicates Ind., 1959, 24, Jan., 7-13 

Stabilisation of Dicalcium Silicate in Magne- 
site-Dolomite Products. adachowski. 
(Prace Inst. Hutn., 1958, 5), 237-242) 
rests with a phosphate stabilizer were made 
Disintegration of 3CaQO, SiO, and 2CaQ, SiO, 
do not occur with correct stabilization and the 
phosp hate is decomposed only by solid C. 
About 1-5°,P,0, is recommended. 

The Effects of the Addition of Barium 
Oxide on the Phase Composition of Basic 
Refractories. M. Grvylicki and F. Nada- 
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chowski Prace Inst. Hutn., 
243-254 Mineralogical examination of mix 
tures of pure components was made 
librium, and phases and their refractoriness 
and optical properties were determined in the 
svstem BaO-MgO-CaQO SiO, and also 
Al,O, and Fe,Qy. 

Studies on the Mechanism of Corrosion 
against the Refractories from a Zebra Roof 
in Basic Open-Hearth Furnaces. T. Ao 
(Tetsu to Hagane, 1958, 44, Mar., 235-237) 

Phase Equilibria in the System CaO-Iron 
Oxide in Air and at 1 Atm. O, Pressure. 
B. Phillips and A. Muan. (J. Am. Ceram. Soc., 
1958, 41, Nov. 1, 445-454). The quenching 
method was applied to the iron-rich portion of 
the system 

Furnaces of Refractory Com. L. Long 
chambon. (Usine Nouwv., 1959, 15, Jan. 15, 
31, 33, 35, 37). The 
cements and their 


discussed 


1958, (5), 


at equi 


with 


properties of refractory 
resistance to agyressive 
and the construction of 
furnaces of various kinds and parts of furnaces 
is described. The temperatures at which the 
various materials can be used are indicated 

Practical Test of Erosion-Resisting Soft 
Sleeve Bricks. H. Ishida. (Tetsu to Hagane, 
1958, 44, Mar., 335-337 Physical and chem 
ical properties before and after service in the 
ladle are tabulated, and results of steelmaking 
operations are given K.E. J 

An Experimental Comparison of the Methods 
of Testing by Thermal Shock Undertaken by 
the Commission Technique et Scientifique 
P.R.E. KR. Fourneau. (Silicates Ind., 1959, 
24, Jan. 14-20). 


media are 


IRON AND STEEL, GENERAL 


Review of Modern Developments in the Steel 
Industry. F. De Carli (Fonderia, 1958, 7, 
Dec., 523-532). The author reviews the 
principal developments which have affected 
the production of iren and steel in recent 
vears. Ore beneficiation, pelletizing, 
ing, the all-basic O. H. furnace, the 
productivity through the use 
modern oxygen steelmaking methods, L-D 
steel and other recent developments are 
discussed briefly M.D.J.B 

Belgo Mineira Has Started to Carry Out Its 
Second Phase of Expansion. (Hny. Min. « 
Met., 1958, 28, Aug., 76). In Portuguese 
It is planned to produce 500000 t of steel 
annually Blast furnace capacity is being 
increased by modification of existing plant 
The new wire mill should partly 
operational next August in the galvanizing, 
annealing and barbed-wire making 
it will be one of the largest plants in the world, 
with a production reaching 200 000 t annually, 
and will make Brazil independent in wire and 
wire products.—P. s. 

The Mandeville Works of the Société 
Métallurgique de Normandie. (M¢t. Constr 
Méc., 1958, 90, Dec., 923-929) An illustrated 
description of the plant and its operation 


sinter 
greater 
ot large r units, 


become 


SectiONns; 


BLAST-FURNACE PRACTICE 
AND PRODUCTION OF PIG ILRON 


Report on “E” Blast Furnace, Tenth 
Lining. J. W. Carlson and A. E. Frey. 
(Blast Furn. Steel Plant, 1958, 46, Deec., 
279-1286 A report on the dismantling 
and inspection of the lining of the first blast 
furnace to be taken out of production that 
had machined and keyed carbon blocks. <A 
record production was achieved, the use of a 
carbon hearth and a carbonaceous taphole 
miX Was satisfactory, and there was evidence 
that a definite freeze zone was established. 
Tisco’s New Blast Furnace at Burnpur. 
(Iron Steel Rev., 1958, 2, Oct., 405-406). 
The furnace has a 25 ft hearth and will pro 
duce 1 200 t of pig iron daily, bringing the 
total output of TISCO to 1-3 million t a year 
Tisco’s New Blast Furnace at Jamshedpur. 
(Iron Steel Rev., 1958, 2, Oct., 403-404 
The furnace, one of the largest in the world, 
is equipped for high top pressure operation 
and will operate on a sinter burden.—a. G. 
On the Repairing of Nakamachi No. 2 
Blast Furnace and . Blowing in. A. Tayama. 
(Tetsu to Hagane, 1958, 44, Mar., 276-277). 
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Blast Furnace Gyenation with Western 
Raw Materials. ) ma Ir 
el Eng., 1958, 35, . ) 
ence of the Kaiser Steel Co 
ing or of variable cor 


sulphur, and using inferio 
is outlined 

The Economy of Blast Furnace ane. 
F. Géemes Koh. Lapok, 1958, 13, Oct.-N 
469 476 The author 


{ 
of specific coke 


liseusses the eff 
consumption, product 

r iron and flux dust, and utilization of top 

on the econon ft blast furna ’ 

The Assessment ‘of Blast Furnace Coke. 
W. Zimmer Neue Hiitte, (958, 
666-673 Conventional me 
blast-furnace coke ire 
tests are found wanti 
made for a determination ot 
behaviour of undersize in 
establishment of a 
is advocated I 

The Anelyels ‘a Methods of Drying and 
Blowing in Blast Furnaces in Polish Metal- 
lurgical Plants. ‘%. Zielinski and A. Maslant 
(Hutnik, 958, 25, ; 
Polish The need to 
ductive capacity of a 


uruformity 


shortest possible time leads 
the period for drying « i 
lining and of the initial stage 
The average useful time of 
refractory lining in Po 


i.e. about 50° 


land is only 2 
, of that in foreign 
lo find proper methods, questionn 
been sent to all plants with blast 
Data concerning 19 furnaces, re 
76 of the total 
These data were analysed 


number, were 

ind’ compare 
data in the U.S.A. Po 
American methods of blowing are similar, tho 
of drying differ Some 


analogous 
improvements 
suggested Further studies are needed 
Smelting Low Manganese and Phosphorus 
wie See.. B.N. Zherebin, V. P. Dernmbovetsk 
M. Minkin and [. D. Nikulinsku Stal 
ian (7), 578-585 Experiments carried out 
Kuznetsk t 
produce low mangane 4 for steel 


under production conditions at 


showed that iu i t 

obtained when all Mn additions were 
from the burden. Blast furnace poecuatarns 
was raised by 5-4°%, coke consumption per 
t of iron was reduced by 5°6°, and iron ¢ 
were lowered by 5s per t Good « 


making 


and alloy steels have been produce 
iron R. 8 

Processing of Titanium- Bearing Iron Ore 
in the Blast Furnace. 2. Wendel 
Eisen, 1958, 78, Oct. 30, 1603-1605 \ 
comprehensive review of published informs 
tion on the processing of Ti-bearing 
the blast furnace It is concluded that under 
conventional conditions the TiO, content 


Stahl 


the slag amount to 1-5-2 without 
impairing furnace operation When 
ducing Si-bearing iron, the 
increase to 4-5°%, In the 
contamimng up to 40°, TiO, 5 
cold-blast operation, the slag 
about 40°, TiO,. 21 references r.« 
Calculation of Coke Consumption for Blast 
Furnace Smelting by means of the Overall 
Heat Balance. 1b. Yur’ev. (Stal’, 1958 
Supplement Blast Furnace Pr vibes tion, 
Metallurgizdat, 1958, 96-124) The article 
gives a critical summary of existing methods, 
and reviews the more important, such 
the comple x method of A. N 
method of A. P. Lyuban. 
new method by which it is possible. 
the calculations down to a simple and graphical 
form familiar in metallur putations 
The results obtained show a desirable accuracy 
and avoid complications and loss of time. 
Analytical Method for Calculating Coke 
Consumption in Blast Furnaces. ‘(:. \ 
Ksendzyk. (Stal, 1958 supplement Blast 
Furnace Production,” Metallurgizdat, 1958, 
125-137). The theoretical basis of an ana 
lytical method of computation devized for 
zonal heat diagrams is explained The basic 
initial characteristics; chemical content of the 
pig iron produced, of the and coke, the 
quantity of slag, the temperature of the blast, 


may 
pro 
content tnay 
entury, ores 
processed in 


ilso contained 


1 as 
Ramm and the 
It then proposes : 
to bring 


gical com 


177 

es of ¢ c ‘ etion of iron, the 

nt of CH, in flue g ‘ and the ¢ 
dust are then ine t forn ve devized 
Effect of Zinc on the Refractory Linings of 
a Furnaces. 7. t. ikov and L. M 
svlev had ‘ uh f j Tekn » 


oH 3), ay t} i2e8 Of expan 


arbon 


when meit 


mation 


blast 

slloy 

arbon 
eontri 
H 


Investigating the Wear of Brickwork in 
Blast Furnaces by Means of Radioactive 
Isotopes. Holzhe rik, =1958, 
Auy., 542-544 tes are sorted of work 
over the p elve iontl at the Stalin 

eel W K l t “b with radioactive 

} t nts in the 


wear 18 


‘ wear “Co 
radiation: the 

i in Cr-Ni steel 

containe whi i mn were enclosed in 


carbon 


Renendee the Life of Blast Furnace Re- 
fractories. N. | ozinskii Stal’, 1958, 
10), S83) en ise of failure of stack 
linings 1s orosity of 
the wk mu n om The use of 
chamotte k h ed t yr provement, 
i black and 
A reduction 
ating to 1450 
rover ( esistunce oO carbor Speci 
mens did not fail in CO for 200 h in the dan 
yerous range 450-500) ¢ 
Recent Innovations in Blast ne Main- 
tenance _ Rebuilding. L. Tor Iron 
Steel Eng., 1958, 35, Sept., 173 175). Three 
measures used t wilitate the dismantling 
of, or repairs to blest furnace linings at the 
Bethlehem plant of the Bethlehem Steel Co 
are described 
The Hearth-Bottom may es and the Hearth 
in Blast Furnaces. L Sorokin Stal 
1958 supplement Blast eeatan Pre 
VM etallurgizdat, 1958, 75-83 i xcessive strain 
must be avo ided b ‘ " wz the pressure of 
linings and « | on the maritle | eliminat 
reducing 


luction,”” 


il ase on the fissures 
i antl Way 

d to this end I 

The “Problem of the Darnies Through of 
Blast Furnace Hearths. V. Friedrich. (Hutn 
ty, 1958, 18, (9), 800-802). An investi 

1 it nade of various aspects of the burn 
lined 
ind its 

hearths this occurs 
of the tap-hole, and 
mainten 


and means 


hamotte and carbon 
eh this occurs 


wens 1 with 
while 1 the 


il furnace 
instance it 
from detec in the lint e hearth 


en furnace 


ATISes 


operation, 
en new or ret I 
The Desulphurization of Iron Melts with 
Solid Lime and Dolomite. W. A. Fischer and 
Spitzer iy 1958, 29, Sept., 
542 uli im ‘ een iron melts 
aturation and 
vestigated in 
TOO: ¢ An 
) was derived 
r tre reaction 
CaO ( aS CO}, 
elationship being detected. 
rhe investigations showed CaS to be 
in the Ca): the esulphuriz 
Ca) is increased by small fli 
but greatly diminished by 
oxides 
Gas Turbines for Blast Furnace Blowing. 
G. H mg and J. O. Stephens Iron Steel 
Eng., 1958, 35, Sept., 142-149 rhe 


and performance of a 


no temperature 
soluble 
action of solid 
rspar additions, 
dieadived ferrous 


design 
blower 
United 


gas-turbine 
ising blast furnace yas, installed by 


States Steel Corporation are described. 
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Novelties in the Construction of Inclined 
Hoists for Blast Furnaces. (lemag News, 
1957, (147), 23-28). Descriptions of a bucket 
installation at Duisberg and a skip installation 
at Donawitz with winch driving motors fed 
through grid-controlled mercury-vapour recti- 
fiers are given. 


Equipment of Blast Furnace Plants. N. I. 


Viasov. (Stal’, 1958 supplement ‘* Blast 
Furnace Production,” Metallurgizdat, 1958, 
84-95). The author deals in some detail with 


general considerations such as the organiza- 
tion for tending, maintaining and repairing 
the plant, for the production proper, for 
spares, repairs to vital centres, construction 
ete. and gives a comparative study of these 
conditions at the Magnitogorsk, Zaparozhstal’ 
and Azovstal’ plants.—L. H. 

Modern Attacks on Iron Ores. ©. F. Hoff- 
man. (Met. Prog., 1958, 74, Sept., 67-70). 
The author predicts that for any further 
extension of the iron smelting industry direct 
reduction methods will be used—a number of 
methods are briefly described—and the con- 
ventional blast furnace practice will be 
improved to produce 67% more iron from the 
same unit than in 1940.—r. a. 

The Valuation of Surplus Top Gas. G. 
Bremer. (Stahl Eisen, 1958, 78, Dec. 25, 
1867-1871). Economics. The principles of 
pricing of surplus top gas are discussed.—r. G. 


The Possibilities of the Utilisation of Carbon 
Monoxide-Containing Gases for the Synthesis 
of Hydrocarbons. H.Kélbel. (*Chemie-Inge- 
nieur-Technik, 1957, 29, 505). (Summary 
only). The economics of gas sources and 
the possible synthetic processes are briefly 
indicated. Tests on blast-furnace gas are 
referred to. 

Utilization of the Sludge from Gas Scrubbers: 
B. Weilandt and F. Kruse. (*Stahl Eisen, 
1958, 78, Nov. 13, 1657-1662). Wet sludges 
from the gas cleaning plants of blast furnaces 
cannot be charged back into the furnace on 
account of their high water content, very 
fine particle size and high zine content. The 
quantities of sludge discharged from the 
scrubbers of one plant vary from 8000 to 
10,000 t per month according of the size of 
the plant, i.e. the quantities are so large 
that their utilization is imperative. Sinter 
trials for briquetting and dezincification were 
successful, although the moisture content 
must be controlled between very narrow 
limits.—-T. G. 


PROPERTIES, TREATMENT, 
AND USE OF SLAGS 

Blast Furnace Slag. F. Keil. (*Transla- 
tion from book published by Verlag Stahleisen, 
Diiaseldorf, pp. 160-163). The disintegration 
of slag is related to composition in these 
pages. 

Basicity of Blast-Furnace Slags. K. Mori. 
(Tetsu to Hagane, 1958, 44, Mar., 308-309). 

The Use of Blast-Furnace Slags in Agri- 
culture. I. Palfalvi. (Koh. Lapok, 1958, 
13,. August, 367-374). In this second part 
of the paper the author considers the effect of 
blast-furnace slags on the following properties 
of various soils: (1) pH, (2) lime content, (3) 
exchangeable basic ions, (4) N, content, (5) 
CO, tormation. On the basis of the experi- 
mental results, the contents of CaO MgO, 
CaO, and CaS are specified, and also the grain 
size. The must be kept dry. Some 
economic considerations are also give n. P. K. 


Studies on Ferro-manganese Slags. III. 
On the Apparent Ejuilibrium of the Si-Reduc- 
ing Reaction in Producing H-C-Mn. I. I. 
Tanabe, H. Saito, T. Nishida and K. Oku. 


slag 


(Nippon Kinzoku, 1956, 20, Nov., 593-597). 
Using synthetic slags, a study was made 
of the “apparent equilibrium constant.” 
K*yn—si ([Mn)V [Si]/[Mn}], and in the 
range 1410-1510° C the following relation- 
ship was found: K*ypn-si 1-318 (CaO + 
1-39 MgO)/SiO, — 7381-9/T + 4-879. These 


resulta were compared with practical data, and 
the effect of sulphur on the “ apparent equi- 
librium " was investigated.—x. E. J. 
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ABSTRACTS 


DIRECT PROCESSES 

A New Direct Reduction Method. M. J. 
Udy and M. C. Udy. (Met. Prog., 1958, 
74, Dec., 92-94). The authors describe the 
Strategic-Udy process of direct reduction. 
The plant consists of a direct-fired rotary kiln 
that partially reduces the ore before it is 
charged into an electric-arc smelting furnace. 
The economics of the process are discussed 
and it is pointed out that the salient feature 
of the process is that no ore preparation 1s 
required.—tT. G. 

Direct Reduction by Electric Furnace. 
(Blast Furn. Steel Plant, 1958, 46, Dec., 
1303-1304; from J. Four. Elect.). A_ brief 
outline is given of the electric furnace plant 
for iron ore reduction installed by Demag at 
Acesta, Brazil. 


PRODUCTION OF STEEL 


A Short Account of the Russian Federal 
Conference on Steel Making, Held in Sverd- 
lowsk in 1957. E. Weigl. (Koh. Lapok, 
1958, 18, Oct.-Nov., 498-501). The author 
reports only the topics of interest to the 
Hungarian Steel industry, as follows: (1) 
Heating of hot top with the electric arc, or 
oxy-acetylene; (2) Up- and down-hill ingot 
teeming; (3) Low-alloy constructional steels, 
such as 14XGC with 0-15—-0-16%C, 0-4-0-7° 
Si, 1-0-1-39%Mn, 0-5-0-8%Cr, and more 
than 4 mkg/cm? impact resistance at — 60° C, 
and 25XGC with 0-20-0-29%C, 0-6-0-9%Si, 
1-2-1-6%Mn. 14XGC steel is treated with 
Aland Fe-Ti in the ladle; (4) New refractories, 
such as checker bricks containing 50%Al1,0,; 
(5) Consumption of ingot moulds. The 
chemical composition limits of the best ingot 
moulds are: 


Ingot weight c% Si% Mn% 
max. 
3t max. es 3-4-4-0 1-6-2-0 1-0 
3-10t we 3-5-4-2 1-41-88 1-0 
Ingot weight P% 8% Crd 
max. max. min 
3t max. .é 5 0-20 0-10 — 
3-10t 0-20 0-10 0-10 


(6) Use of oxygen in electric arc furnaces. 
At the present time, oxygen is used for the 
refining of every charge ‘which does not con- 
tain V.—?. K. 

The Forez Steelworks. G. Sorin. (Rév. 
Gén. Méc., 1958, 42, Oct., 477-479). A pic- 
torial record of the works and its products. 

Weirton Steel Company. (/ron Steel Eng., 
1958, 35, Nov., W1-W84). A_ pictorial 
record and description of the products of 
and equipment of the Weirton Steel Company. 

Jones & Laughlin Producing Stainless 
Steels and Strip at Ohio Plant. M. K. Schnurr. 
(Blast Furn. Steel Plant, 1958, 46, Dec., 1295-— 
1296). The equipment and operation of the 
new Louisville plant of Jones & Laughlin 
are described. 

The Steel Plan of Otanmaki Oy as Part of 
the Industrialisation of Finland and in Par- 
ticular of the Northern Part of the Country. 
V. Leskinen. (*Lecture to National Economics 
Association of Finland, Mar. 20, 1958). 
Labour and economic problems are discussed 
as well as the proposed equipment and output. 


Flame Radiation in a Furnace. II. Soot 
Concentration and Flame Radiation Blackness. 
H. Maesawa. (Tetsu to Hagane, 1958, 44, 
Mar., 390-392). For two oil fuels (composi- 
tions given) the effects of varying atomizing 
pressure and excess air on the emissivity, 
mean flame temp. and soot concentration 
are described.—k. E. J. 


Oxygen Plants—Operation and Maintenance 
in Steel Industry. (/nd. Heat., 1958, 25, Aug., 
1563-1564, 1566, 1568, 1570). Abstracts of 
the A.I.S.E. Annual Convention in Pittsburgh 
1957 are given. 

New Plants Built in the Converter and Open- 
Hearth Steel Works of an Integrated Iron and 
Steel Works. W. Heischkeil, K. Becker, G. 
Leiber and R. von Moos. (*Stahl LHisen, 
1959, 79, Jan. 8, 8-22). The rebuilding of the 
August-Thyssen-Hiitte at Duisburg-Hamborn 
is described and the reasons for putting more 


emphasis on O.H. steel plants than on con- 
verter plants are discussed. The new O.H. 
steel plant is described in detail and compari 
sons are made between this and other plants 
erected elsewhere in Germany and abroad 
The choice of large O.H. units with shallow 
hearths had proved best with respect to pro- 
duction costs and to quality of the ster 
Engineering Aspects of Modern Basic 
Bessemer Plants. H. Hofmeister and C. 
Herrmann. (Demag News, 1957, (149), 1-8). 
Layout and constructional details are shown, 


Some Aspects of Tropenas Converter Steel. 


G. H. Ford. (Eng. Foundryman, 1958, 24, 
Aug., 72-73). Alexander Medal Paper. The 
author describes briefly the princ ” » and 


operation of the side- blown converter. 

The Development and Present State ot ‘the 
LD Process. 0. ecg and K. Rosner. 
(JISI, 1959, 192, June, 147-153). [This issue 

Comments on the OLP Process. 8. Trentini, 
P. Vayssiére, and M. Allard. (JJSJ, 1959, 192, 
June, 143-147). [This issue] 

Experience of Multiple-Strand Continuous 


Casting. RK. Baake and H. KRosahl. (Neue 
Hiitte, 1958, 3, Dec., 740-746). The charac- 
teristics and operational details of the large- 


scale 3-strand continuous plant at 
Freital are described; an important feature is 
the control system, which is described in 
detail. 

Underground Continuous Casting in Russia. 
N. Zasorin and Y. Stepanov. (*Znaniye 
Sila, 1956, Apr. 12). A brief description is 
given. 

Study on the Solidification Process of 
Ingots. I. Sampling Method for Molten Steel 
near the Solidus in the Large Ingot during the 
Solidification Process. 5S. Mackawa and Y. 
Nakagawa. (Tetsu to Hagane, 1958, 44, 
Apr., 467-470). The sampler is described; 
it depends on the use of a small copper 
plate which melts and allows ingress of molten 
steel at the required location. It was used to 
collect samples at 1480-1510° C, at 1-2-5 m 
below the surface of 9-20-t ingots. II. 
Chemical Variations of Molten Steel near the 
Solid Phase of a Large Ingot during the Solidi- 


casting 


fication Process. a _ 552). During 
solidification, C, Si, Mn, P, H and N con 
centrated in the “liquid * sh The total 


quantity of oxygen at the solid-liquid 
boundary tended to decrease, except near the 
sink-head; Al,O, and MnO followed the same 
tendency, and SiO, the reverse.—k. E. J. 

Some Cossiderations on mains Action 
Control. K. Yamada. (Tetsu to Hagane, 
1958, 44, Mar., 262-264). The effects of 
O, content, the amount of Al added and teem- 
ing level are discussed.—k. FE. J. 

Study on Cracks in the Killed Steel Ingot. 
I. Longitudinal Cracks. II. Consideration of 
Transverse Cracks. N. Sugiyama. (Tetsu to 
Hagane, 1958, 44, Mar., 316-318; 318-319). 

Segregation at the Top of a Rimmed Steel 


Ingot. Influences of Track Time and Ingot 
Size. K. Kugai. (Tetsu to Hagane, 1958, 
44, Mar., 266-268). Results for segregation 


of S, C, P and As are given for ingots of several 
types, of weight between 1-8 and 5 t.—xk. E. J. 
Study on the Segregation in the Upper Parts 
of Rimmed Ingots. T. Ooka. (Tetsu to 
Hagane, 1958, 44, Mar., 268-270). Relation- 
ships are traced between the depth of laminar 
scum in the slab and the Al addition in the 
ladle, the depth of mechanical pipe and the 
Al addition, and the depth of ingot scum and 
the rimming time after capping.—k. E. J. 


Hot-Workability of the Segregation Zones 
in the Killed Steel Ingot. J. Kubodera. 
(Tetsu to Hagane, 1958, 44, Mar., 272-274). 
For various top- and bottom-poured ingots, 
relationships between the test temp. and the 
defect index and between ingot height and 
defect index are shown.—k. E. J. 

On Abnormal Segregation in Steel Ingots. 
Y. Abe. (Tetsu to Hagane, 1958, 44, Mar., 
270-272).—kK. E. J. 

Studies on Fire Cracks. II. J. Watanabe. 
(Tetsu to Hagane, 1958, 44, Mar., 381-382). 
The effects of temperature and chemical 
composition on fire-cracking are discussed. 
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PRODUCTION OF FERRO-ALLOYS 


The Production in a Vacuum of Carbon-free 
Ferro-Chromium by Decarburization of High- 
Carbon Ferro-Chromium. 8. V. Bez 


Primenente Vakuuma V etallure 


»brazov. 
i, 1958, 
155 162). It is shown that ferrochromium 
itaining 0-01-0-03°,C ean be obtained 
sing Cr,O,, chrome ore, quartzite or NiO 
1100 "1250 C and 0-05-0-01 mm. The 
> \ is also improved. 

FOUNDRY PRACTICE 
oy in Foundry Practice Made During 
P. A. Heller. (Stahl Eisen, 1958, 78 
95, 1898-1905). 4 comprehensive re 
inder the headings: Structure and pro 
Melting practice; moulding shop and 
— pr actice; and general. (137 refer 


“Recent Progress in Metal Founding. M. 
asul (Nippon Kinzoku, 957, q 
MI. M18 Recent progress in sand 
r 5 ed, particularly the chemical 
treated are moulding 
rs and minerals, 
‘ r l moulding 
nd the CO, proce ferences).-—-K. E. J. 

25th International Foundry Congress. (Li 
md Brussels, 1958, pp. 735). Men and Foun- 
dry Work. H.Scholz 3-19). [In German}. 
The work of the Max Planck Institute of 
| is described A general 
onditions in old and modern 
wen made and working load 
main reasons for energy 
ind directions for improve- 
The Growth in the Pro- 
Iron Castings and Some 
Villner. (22-41) 
glish}. Statistical studies for Sweden 

. Great Britain and the U.S. are 

a lag behind the level 
2 itput. Factors in the low 
liscussed including 
i er castings and so smaller tonnage 
and ympetition with materials and 
weldir Current 
M. G 


general 


' 
clay 
lost-wax 


are indicated 
faction of Grey 


Factors Affecting It. 
In En 
Gert 


improvements 


other 
ind the use of sheet metals 
Research Crone in the Foundry. 
Blanc. 44-63). [In French }. A 
review in many fields with 139 refs. Gases 
in Cast Iron. Marincek and H. Feich- 
tinger 66-82). In German]. The pre- 
paration of test pieces, which is critical, the 
ion are described 
The appara yu rk with a low blank 
and egi ng shoul » continued up to 
Many results are given and dis- 
ssed. Contribution to the Effect of Ladle 
Addition on Cast Iron. W. Patterson. 
85-105). n German]. The concepts of 
rmality ’’ and * relative hard- 

! ut forward for the evaluation of 
the quality of grey iron. The ratio of these 
index of quality. It is 
mtaining mainly “A” type 
graphite formed in heavily nucleated melts 
and it is romoted by “ inoculating ”’ ladle 
additions Heat treatment to prevent the 
formation other types and to form new 
nuclei is ree Results of Investi- 
gations into Non-Magnetic Ni-Cu-Mn Cast 
Irons. A. De Sy and J. Van Eeghem. (108 
123). In French rensile strength is much 
improved by nodularizing treatment with 
Ni-Mg or Mischmetal or both. High Mg 
contents tend to precipitate a Cu phase. 
The spheroidal graphite irons are tougher, 
but have greater permeability. Grain Size 
of Grey Cast Iron. J. 8S. Abcouwer. (242 
247). {In French]. An expression is given 
for rate of solidification and its relation to 
attempt is then made to 
relate this to the size of the eutectic cells. 
An exact solution of the heat 
problem is added, also an 
thickness of actual 


ipy é 1 is and its operat 


~ ZOU 


is ste as an 


nil r irons ¢ 


grain size. An 


transmission 
approximation 
relating and imaginary 
walls in sand moulds. Determination of the 
Sections of Feeders for Castings of All Shapes 
and Sizes in Iron Cast in All Types of Sand, 
with Examples. (250-274). C. Trencklé. 

In French}. All tables, graphs and formule 
for time of filling and section are given with a 
highly condensed account of the work done. 
Considerations on the Calculation of the 
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Pressures Exerted during Pouring on the Mould 
Walls and Cores. K. Namur. (279-286). 
In French]. Impingement and cope-lifting 
forces and thrust on the cores are formulated. 
Metallic Chaplets. F. Kinet. (288-306). [In 
French review of patented designs and 
those typically in use is given. Difficulties 
with and defects arising from their use are 
discussed and their behaviour and effect on 
the surrounding metal is studied metallo- 
graphically. Cold and Hot Strength of Sands 
for Moulding and Core Making and of Chaplets. 
R. Collette, F. Gaty and R. Namur. (308-321). 
In French}. Tests up to 1200° C have been 
earried out to classify the sands for various 
foundry purposes. tesistance to compression 
was measured up to the temperature at which 
a shrinkage can be observed. A penetration 
test was developed for sand and for chaplets 
and resistance to buckling and shear was noted. 
The temperatures and pressures attained in 
the mould were also measured. The function 
of coatings is also discussed and further work 
suggested. The Relation of Engineering 
Performance of Castings to Metal Structure. 
R. A. Flinn. (326-341). [In English]. Mech- 
anical and general engineering properties, 
wear and abrasion, and heat and corrosion 
resistance are illustrated with examples. 
The engineering performance is shown to 
depend uniquely on structure other variables 
being kept constant. The improvements to 
be effected by study of the micro-constituents 
are indicated. A Study of the Effect of Copper 
on Cast Iron and Steel. P. Van Bleyenberghe 
and R.Coussement. (415-425). [In French]. 
The properties of 3% Cu grey iron suitable for 
railway use, of chill cast grey iron with 1-5% 
Cu and reduced Si showing good wearing 
properties; of hard steel with 2°,Cu for ball- 
mill balls with an austenitic structure and the 
fluidity properties of 1-5°% Cu steels for their 
sections are given. Graphitisation in Cast 
Iron-Carbon Alloys. A. Wittmoser. (461 
$82). [In German]. Graphite formation is 
considered and related to particle form and 
location in the matrix. Five types are defined 
into which all the structures can be classified. 
The mode of formation of graphite is found 
to be very much the same in all cases, differing 
only in that formed in the melt or in solid 
solution, in general the former is flake and the 
latter spheroidal. Mechanism is considered. 
The Effect of Various Deoxidizers on Cast Steel. 
KE. Sims and C. W. Briggs. (500-514). 
(In English}. The kinetic data for deoxida- 
tion and equilibrium conditions are briefly 
indicated and the effects of Mn, Al, Ti, Zr, 
Mischmetal and Se and the factors preventing 
the use of Ca, Mg, Na, Ba, K and Li are noted 
Work on high-N steel is mentioned. Appli- 
cation in the Steel Foundry of Blind Side 
Feeders with an Exothermic Coating. lb. Ney. 
(517-542). [In French]. A form ofac ylinder 
attached to a hemisphere is advoc ated, the 
cylindrical portion only being surrounded 
with exothermic composition. Economies of 
40°, in feeder size are claimed. The Use of 
Exothermic Feeding Compositions in the Pro- 
duction of Steel Castings. DL. H. Snelson. 
(544-563). [In English}. Feeding character- 
istics of heads are investigated and the princi- 
ple of head design discussed. A classification 
of castings based on solidification time, has 
given a relationship between minimum head 
diameter and section size for simple sections. 
Pouring temperature and running distance 
are discussed with regard to the extension 


of the expression to much larger castings of 


the same basic section. Condition of Moulding 
Material and Casting Surface. P. Schneider. 
(597-613). {In German]. A pneumatic de- 
vice for measuring surface roughness is 
described and surface condition is related to 
the surface tension force of the liquid metal. 
Gas permeability of the sand is also related 
to surface roughness even with different types 
of sand, cast quality improving with increasing 
milling time and hardness of ramming in 
synthetic sands. The linear relationship 
holds only for sands compacted at the same 
moisture content. Excess humidity gives 
rough castings and roughness is reduced by 
coal dust or pelleted pitch additions and also 
depends on casting temperature. The reduc- 
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tension in cast iron brought 
S leads to increase in roughness 
At lower surface tensions the effect of ramming 
is less. The Effect of the Metal Stream on the 
Inner Surface of the Sand Mould. J. Szreniaw 
ski. (617-637). [In German]. The effect dur 
ing filling and up to the formation of a solid 
skin was studied. Three types of flow which 
destroy the surface are recognized impact, 
turbulent and jet. A method for determining 
the endurance of the mould or under 
attack by the metal stream is described. The 
ordinary tests for sand evaluation are shown 
to be unsatisfactory. Practical conclusions 
are worked out. The Properties and Testing 
of Materials Used in the CO, Process. LD. A. 
Taylor. (641-661). [In English Testing 
methods at room and high temperatures are 
described and the effects of silica: soda ratio, 
viscosity, time, gassing temperature and CO, 
concentration were observed. Dry silicate 
and damp sand could be substituted for dry 
sand and silicate solution. Diluted CO, 
is shown to be economical and reclaimed 
sand can sometimes be partly substituted for 
new. The effect of this reclaimed sand or 
clay-bonded sand was investigated. 
High temperature tests showed gas evolution 
to be low even in presence of organic materials 
The transformation to cristobalite is shown to 
be complete in a few min at 1300° C but can 
be retarded by small amounts of powdered 
Al,O;. breakdown is also considered 
and inorganic were found which 
facilitate this without reduction of room 
temperature strength. Metallurgical Tech- 
nique and Application of the Alloy Iron Cast- 
ings for Diesel Engine Parts. 1. V. Mahabale. 
(664-669). [In English). Investigations of 
Basic Refractory Materials for the Cupola. 
B. Sochor. (673-691). [In German]. Bricks 
and ramming materials were examined in a 
cold blast cupola keeping conditions as con 
stant as possible. Magnesite LID 
best material tried, chrome-—magnesite and 
periclase-forsterite showed no advantages. 
Materials in current production proved good 
enough and withstood temperature changes 
and the steam produced by dropping the 
bottom and quenching the drop-coke. Con 
sumption of refractories and dis- 
cussed. Operation showed savings even with 
25% substitution of steel scrap for pig 
Dust Removal from Cupolas. K. Goenaga. 
(694-706). [In French}. Type of dust, dust 
content and type of gas are considered in turn 
and the difference between the grit from cold 
blast and the fine particles from hot blast 
working is noted. Types of dust arrestors 
for both are described. The mechanics of 
suspensions are given inanappendix. Review 
and Development of Cupola Water-Cooling 
Systems. ©. Longaretti and ©. Pensotti. 
(708-735). The development and design of 
water-cooled cupolas are considered and prac- 
tical information on cooling systems is pre- 
sented. 

Rebuilding of Union Iron Works. (foundry 
Trade J., 1958, 105, Dec. 4, 679-682). An 
illustrated account of the premises of John 
Hall & Son, (Oldham) Ltd. newly extended 
and rebuilt. 


Steelworks Extension. (Jron Steel, 1958, 
31, Nov., 525-527). An account is given of 
the concentration of production by Arthur 
Balfour & Co. Ltd. on their Greenland Road 
site, with particular reference to the character- 
istics and performance of a 600kW high- 
frequency melting unit, and the reduction of 
air pollution. 

Visit to The Muovo Pignone Foundry. 
(Fonderia Ital., 1958, 7, Oct., 387-391). 
The article describes in some detail a visit 
to the modern foundry of The Soc. Muovo 
Pignone. The foundry is equipped with 
up-to-date cupola plant, mechanical handling 
devices, a Fenwick sand preparation installa- 
tion, an 800 Kw induction furnace and the 
usual ancillary services and laboratories. 

The Economy of Production in Foundries: 
The Production A. Naundorf and 
G. Schmidt. (Giessereitechnik, 1958, 4, Oct., 
243-249). A note on the reorganization of 
factories taken over by the State. 
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content and a greater concentration of 0 
illness, 


without, 
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331, 
ventilation are 
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(29 refs.). 
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The 
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Te Rational Modernisation of Foundries. 
Plesinger (Giessereitechn., 1958, 4, 

Sov, . o 282). The application of modern- 
in Czech foundries, and the method 


adopted to determine the principles of a 


rational economy are described 


The Use of Ferro-Alloys Enables Small 
Iron Foundries to Meet the Exacting Require- 
ments of Customers. (Fonderia, 1958, 7, 
Dec., 533-536). Ferro-vilicon, ferro-manga 
ferro-chrome and ferro-nickel are now 
indispensible auxiliaries to every foundry 
article reviews how those alloys can be 
used to improve foundry work.—m. pD. J. B. 


The Inoculation of Solidifying Iron and Steel 


Castings by means of Vibration. J. H. Gittus 
(JISI, 1959, 192, June, 118-131) [This 
issue}. 


Practical Installation of Statistical Control 


in the Steel Foundry. P. Destable. (Mét. 
Constr. Méc., 1958, 90, Nov., 849-855; Dec., 
931-937). This article deals with the prin 


ciple of statistical control as applied to the 
theory and practicalapplication of the analysis 
of variance. 
sampling intervals in connection with the 


Methods of determining suitable 


large-scale production of components and the 


application of statistical control are discussed 


Note for Modern Foundry Managers. (. 


Barchiesi. (Fonderia Ital., 1958, 97, Dee 
485-496). The author lists the various 
technical and personal qualities which are 


for in the modern foundry manager 
goes on to suggest means which will 
enable him to keep abreast of developments 
while keeping in daily touch with the more 
problems of running a foundry. 


Control of Foundry Dust. L. Hirsch. 
(Koh. Lapok, Ontéde, 1958, 9, Oct.-Nov., 
249%). Silicosis is increased by the time 


of exposure to a foundry dust of higher Si0, 
4-5 
micron particles. Thus, for prevention of this 
the use of steel shot, instead of sand 
blast, and application of moulding materials 
or with low 


only S10, content are 
suggested. An adequate ventilation is also 
important; however, it can only be achieved 
with high cost and difficulty. Up-to-date 


testing of foundry dust is also described in the 


pap 
Foundry Ventilation. K. Nilsson and Y. 
(Fond. Belge, 1958, 28, Nov., 317 
The general principles of foundry 
described, with special refer 
ence to mechanized foundries, several examples 
given, and economic 


339). 


considerations are 


VACUUM METALLURGY 
Vacuum Melting. H. Kjollesdal. (Tidsskr. 
Bergv. Met., 1958, 18, (9), 141—-147). 
The physical metallurgy and theory of the 
process are given and the improved products 
produced by the process are reviewed. 


Vacuum Melting Furnaces. H. Kjollesdal 
(Tidsskr. Kjemi, Bergv. Met., 1958, 18, (8), 
125-130). The construction and operation 


induction and are 
metals in a vacuum 
particular reference to 


furnaces for 
are reviewed, 
are furnaces. 
Tinken Now Operates Consumable Electrode 
Fick. Blast 
Steel Plant, 1958, 46, Dec., 1292-1293). 
principle and method of — of this 
are described. The furnace 
is 200 t of alloy steel per month 

Vacuum Arc Melting and Experience with a 
Kieffer and W. Wirth 
(*Data of High-Vacuum Technology and the 
Physics of Thin Layers, 1957, (Wissenschaft 


capacity 


liche Verlagsgessellachaft) m.b.H., 178-183). 
An account of the Metallwerk Plansee unit 

Reutte/Tylor is given Metals such as 
W, Mo, Ta, Nb, Ti and Zr are treated. 


R.L 
, 4-6, 


Hoff. 


58-61). 


(Met 
The 


Vacuum Heat-Treating. 
Treat., 1958, 9, Sept Oct 


advantages and limitations of vacuum heat 
treatment are discussed and me ice 


is offered 
on the required equipment.—r. 
The Vacuum Deoxidation and ‘Desulphurise- 


Sama;rin, 
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The Use of Vacuum in Steel Melting 

Moscow, 1957, 3-14 
and the kinetics of decar- 
burization and the ss of desulphurization 
are discussed and recommendations are made 

The Desulphurisation and Deoxidation of 
High-Purity Iron by the Vacuum-Fusion Pro- 


(*Fromm ‘ 
Processes, Vacuum 
melting conditions 


proce 


cess. W. Jianiche and H. Beck. (Arch 
Eisenh., 1958, 29, Oct., 631-642). Experi 
ments are described for the produc tion of 


high-purity iron by the desulphurization and 
deoxidation under vacuum of electrolytic iron, 
desulphurization being carried out by the 
volatilization of the sulphides of added metals 


On the Vacuum Casting of Steel. T 
Asakuma (Tetsu to Hagane, 1958, 44, Mar., 
329-331). Various operating conditions are 
described and analysed, and comparisons 


drogen, oxygen and 
and vacuum-poured 


are made between the hy 
nitrogen contents of air 
steel K. I y 

The Metallurey of the Production of High- 
Purity Iron. . Véesey. (Koh. Lapok, 1958, 
13, Aug, my 361: Sept. 406-409). In the 
second part of the paper the author reviews 
the production of high-purity iron: (a) in 
hydrogen, and under high vacuum Hun 
garian experiments on sponge-iron production 


are also deseribed In the concluding part 
of the paper, further methods of production 
of high-purity iron in a high vacuum are 
reviewed In these methods, H, or C is 
used for deoxidation of electrolytic or car 


bonyl iron.—P. K. 


REHEATING FURNACES AND 


SOAKING PITS 
Rapid Heating of Ingots for Working. %. 


Sala. (Prace Inst. Hutn., 1958, (5), 261-268). 
Trials on the charging of cold ingots into 
furnaces slightly above working temperature 
were made and rapid and slow heating were 
compared for 0 cor steel and 18-8 heat 
resisting steels, high-Mn and Invar on ingots 
of 125-8500 Kg pe grades were found 
to be unaffected by rapid heating, but 
HISNIOM with 0-4-0-5° Mn, 0-6°.Si, 
~ 0-036°8, 0-099, P, ~ 18-5%Cr, ~ 9-1° 


Mo and H25N20S2 with 0-11° 
C, 0-98°.Mn, 0-68° Si, 0-028°,S, 0-012°,P, 
24-59% Cr and 21-42% Ni unsuitable 
Fuel Economy in Forging Furnaces. F. P. 
Merkle. (Jng. e. Indust., 1958, June, 85-87). 
Modifications in the design of the 
partic ular the of a flat 
substantial fuel economies 


Heating of Steel Billets before Rolling. H. 


Ni and 2: 46°, 


were 


furnace, in 


roof, have led to 


use 


Miller and W. Annen. (Elektrowdarme, 1958, 
16, Oct., 366-369; Dec., 422-427) Direct 
resistance heating gave improved quality. 
Comparisons are made with fuel-burning, 
resistance and induction furnaces and an 


historical review of the method is included for 


the last 10 years. The structures obtained 
are illustrated and the advantages noted 
Special reference is made to shipbuilding 


Experience Obtained with Oil-Fired Pusher- 
Type Furnaces. kk. Miiller and F. Hollweger 
(*Stahl Eisen, 1958, 78, Nov. 13, 1676-1678) 
\ pusher-type furnace for re-heating high 
grade was converted from gas-firing 
to oil-firing Details of the burners and the 
furnace given. If the oil is properly 
atomized no deleterious effect on the steel 
billets was observed. The initially high wear 
of the bricks could be eliminated r. G. 

Modern Soaking Pit Installation at Alle- 
gheny Ludlum Steel Plant. (/nd. Heat., 
1958, 25, Aug., 1578-1580). <A brief account 


of a new gas-fired installation. 


Soaking Pits with a High Velocity Combus- 


steels 


are 


tion System. |). ©. Haney. (/ron Steel Eng., 
1958, 35, Nov., 82-89) rhe result of 12 
month's operation have shown that the 


replacement of 8 batteries of four small, gas 
fired regenerative pits by 2 batteries of three 


larger one-way, top-fired pits, each with a 
separate recuperator has given satisfactory 
operation and improved rate of heating, 


without requiring additional building 


Effect of the Sulphur in the Furnace Atmo- 
sphere on the Hot-Workability of Steel. II. 


space. 


T. Morishima Tetsu to Hagqane, 1958, 44, 
Mar., 392-393 K. F 
Research and hee Engineering 


Corporation for Ferrous Metallurgy. (-\ciers 
Fins. Spéc., 1958, Dee., 7-11). An account 
of SERSID with a briefly annotated list of 
work in progress, mainly on soaking pits 
and blooming mills \ standard slag ladle 
is shown. 

HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 
No Waiting in This Heat-Treat Line. L. N- 

Everitt and C. C. Sykes (Met. Prog., 1958, 
74, Dee., 75-79) The heat-treating daepart- 
ment at the Columbus, Ohio, plant of the 


Timken Roller Bearing Co. funetions as a 
single machine to process automatic: illy five 
standard lines of railroad roller bearings \ 


special feature of the plant, which is deseribed 
and illustrated, is the rotary furnace.—T. G. 
New 32-ft, Mobile Gantry Furnace treats 


Large Polaris Missile Parts. F. M. Arnold 
(Western Metalw., 1958, Oct., 46-47 The 
heat treatment of large missile components 
requires extra large furnaces The unit 
described is a gantry-type, bottom loading, 
hardening furnace which provides facilities 


endothermic 
vapour de 


for tempering 
atmosphere, 


generating an 


oil quenching and 


greasing Working dimensions are 5 ft 

14 ft. Temperature range is up to 1850 k 
and the unit is fired with natural gas rhe 
charge is placed in a pit from whence it is 


pulled up into the stainless steel 
chains. —-R 

Mechanized Austempering of Steel Harrow 
Discs. (Met. Prog., 1958, 74, Sept., 78-80). 
Automatic austempering has doubled 
the production of these dises at International 
Harvester Co of Canada The 
structure obtained by this process prevents 
directional king The heat-treatment 
operation which is described is fully automatic 

The Kinetics of Martensite Tempering. 

iri 


furnace by 


almost 
bainitic 


erac 


©. Krisement Eisenhiitt., 1958, 29, 
Nov., 723-729 A microcalorimetric method 
has been used to determine isothermal mar 
tensite tempering in a steel with 1-03°,( 
at temperatures from room temperature to 
260° ( ae PS 

FORGING, STAMPING, 


DRAWING AND PRESSING 
Short-Run Forging Can Be Economic. 


E. M. Gardner. Metalw. Prod., 1959, 108, 
Jan. 9, 53-56) Methods sometimes applic 
able to reduce die costs are given Also the 
cost of forging components with irregular 
internal surfaces or to close tolerances can 
sometimes be reduced Examples are given 
of the production of a gate valve fork, a 
tubular seaffolding socket and the use of 
split dies for upsetting 

Forging Blooms from Ingots. J. bh. Decker 


(Met. Prog., 1958, 74, Sept., 71-73 if 
ingots are to be rolled the taper must be slight 


only, but if they are forged they can be 
patterned for elimination of segregation, i. 
they can be heavily tapered During the 
upsetting operation, the piped zone is separated 
from the sound metal. The blooms so pro 


duced are particularly sound.— 1 
Forging and Heat Treating Practices ioe 
Armco 17-7 PH a Steel. 
Davison (Met. Treating, 1958, 9, Nov a 
6-8). Treatment of the material to produce 
condition A by solution treatment, condition 
T by transformation and conditions RH-950 
and TH 1050 by ageing are described 
recommendations for forging are given 
Use of Hammers and Presses Instead of 
Roughing Mills in Installations Producing 


and 


Plain Carbon Steels. I). de Séze and J. 
Courthéoux. (Problemas de la Industria 
Siderirgica y de Transformacién de Hierro 
y Acero en América Latina. 1957, 2, 199-203). 


rhe use of a forging press instead of a primary 
rolling mill to deal with increased capacity 
is described, and operational details are given. 
Contributions and Progress in Modern Pro- 
cesses for the Manufacture of Seamless Tubes. 
A. Calmes= and J P (204-207). 


assoni. 
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Equipment 
seamless tube are deseribed and illustrated 

Prevention of Longitudinal Surface Crack 
Formation of Small Forging Ingots. 1. 
Kamoshida (Tetsu to Hagane, 1958, 44, 
Mar., 320-321) It is shown that there is a 
critical casting temp , calculated as the te mp. 
of steel in the ladle just after tapping minus 
4 deg. (min tap-cast time in min). 
is hable to occur above this temp., 
the variation of which with C content is shown 

Forgeability of a Transformation-free Alloy 
Ingot. II. Relation between Tensile Proper- 
ties, Bendability and As-cast Structures of 
Timken = 25 6. Yamane. (Tetsu to 
Hagqane, 1958, 44, Mar., 432-433).—k. F.3 

_The Forging of Heat Resistant Metals. 

Jordan. Werkstatt. Maschin., 1958, 48, 
Oct., 567-568). \ report of a paper with the 
above title given at the Pech 
nology of Engineering Manufacture in London, 
March, 1958. 

Effect of Forging Ratio on the Behaviour of 
Cementite in Ball Bearing Steel. ‘:. Tasaka. 
(Tetsu to Hagane, 1958, 44, March, 416-417 

The Temperatures Arising in Upsetting 
Tool Faces and Dies in Forging Cylindrical 
Samples from Steel and Pantal. (:. Beck. 
(Werkstatt. Maschin., 1958, 48, Oct., 561-567). 
The experimental results of temperature 
measurements in the tool, in the hot up 
setting and « drop forging of steel are described, 
and general « arding tempera 


Cracking 


Conference on 


‘onsiderations reg 
ture changes in the tool are discussed 
Compression in Pressing Operations. ‘|. 
Guvot and P. Mercier Rev. Mét., 1958, 55, 
Sept., SOL-814 \ test is deseribed, with 
examples, to investigate the behaviour of 
sheet under compression The test 
show 


results 
no correlation with the coefficients for 
elongation tests. 

Crinkle Formation on Preformed Sheet- 
Metal Parts. (+. Qehlet Stahl Eisen, 1959, 
79, Jan. 8, 45-46 Sheet metal parts that 
were subjected to further deformation showed 
erinkles if the 
limit, no difference 


exceeded a certain 
found in the 
structure of the two materials Phe use of a 
lubricant may avoid this defect r.G 


Effect of Carbon Content, Degree of Cold 
Working and Heat-Treatment on the Proper- 
ties of Deep-Drawing Strip Steel Killed ag 
Aluminium. K. GG. Schmitt a 
Borchers and V. Seul Stahl Eisen, 1958, a 
Dec. 11, \ practical and theore 
tical study of the interrelation of carbon 
content, degree of hot and cold working and 
of the various heat-treatments on the quality 
and consistency of high-grade deep-drawing 
strip steel The results of the very compre 
hensive trials are reported in detail and an 
attempt is made to interpret the results by 
current dislocation theories 30 ref r. G. 


The Hydraulic 25-t Rod Drawing Bench of 
the Max-Planck-Institut fiir Eisenforschung, 
and Its | roma be Lueg and 0. Pawel 
ski Stahl Eisen 958, 78, Dee. 11, 1812 
1815). The new S awing bench is described 
in detail with particular emphasis on the 
hydraulic controls, and on the pushing-in 
levices As the bench is intended for scien 
tific investigations, d with exten 
short review 
far on this bench ts 


hardness 


being micro 


1708 1808 


it is equIppe 
ipparatus \ 
of the work carried out so 
included r.G 
Lubrication in High-Speed Wire Drawing. 
L. Mankher. (Koh. Lapok, 1958, 18, August, 
374-379). Lubrication in high-speed wire 
drawing is discussed, and the 
given for etticient fast 


sive measuring 


necessary 
conditions are drawing 
Effect of a Surface Pass and of Straightening 
on Residual Stresses in Steel Wire. Hi 
Bihler and G. Altmever. Stahl Eisen, 1958, 
78, Dee. 11, 1822-1827 The principle of 
the test and its performance are described \ 
draw with a reduction of 
residual stresses by 35°‘ 
diameter 
stresses im the 


surface pass or re 
1-3°, reduces the 
whereas straightening increases the 
by 1°3°, and reduces the 
outer zones by 50°,, the * almost 
eliminated for a diameter increase of 2-35° 

Tempering further reduces the stresses the 
higher the temperature for a given holding 
time 2. G. 


stresses are 
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Drop in Tensile Strength of Steel Wire as a 
Consequence of Drowine. !. Nishioka. (Nip 
pon Kinzoku, 1958, 22, Jan., 26-30 Four 
steel wires, ranging from mild steel to 0- 81% 
steel, air or lead patented, and hard drawn by 
conventional methods, were 
additional light 
the tensile strength was reduced, the 
tion increased, and the performance in the 
torsion test improved This effect was ex 
greater detail as a function of the 


the light pass and 


then giver an 
pass, as a result of which 


] 
elonga 


amined in 
reduction and die angle in 
the total preceding reduction and number of 
results are plotted 
with legends in German 1G. W. 

The Bending of Drawn — Wire. T 
Nishioka. Nippon Kinzoku, 1957, 21, July, 
433-436). [In Japane se, with 
German + } J 

Investigation of the Properties of the Surface 
Layer in the Case of Chipless Shaping of Steel 
with Various Amounts of Carbide Phase. 
I. L. Mirkin and T. A. Sirenko Vetall 
Obra. Met., 1958, (9), 29-33 Metal shaped 
by piereing in tube manufacture was ¢ 
Steel 30 


cementite and 


passes rhe in graphs 


Summary in 


xamined 
with 0-32°.C and about 4-8° 
steel US with 0-78°°C and 
, cementite were used and these 
hardened and tempered to produce equal 
Recs call ag pth is plotted 
strength to be about 
twice that of the original metal The degree 
of hardening, depth of deformed layer and 
earbon content linear relationships 
The best steel for piercing appeared to be 
steel 50 with 0°49°.C, 0-56° Mn, 0° 35°,Si, 
0-02°,P and 0-026°)8. 


~ 12° were 


grain sizes. 
showing the surface 


showed 


ROLLING MILL PRACTICE 
Study of Rolling Mill Load Performance. 
S. Nakaya. (Tetsu to Hagane, 1958, 44, Mar., 
384-386) telationships rolling 
parameters 
distribution 


between 
ratio and various energy input 
for different types of steel), the 
of energy usage in blooming and _ finishing 
mills, friction coetfictents, etc. are discussed 

Determination of Roll Pressure and Bar 
Forces in a Stiefel Tube Mill. (Neue Hitt 
1958, 3, Dee., 758-763) These quantities 
were measured during the rolling of pre 
pierced billets 94-98 mm in dia 7°5-10 mm 
wall thickness to 86 mm 3, 3-5 and 4 mm, 
different mandrel rhe 
method of measurement is described in detail, 
and the results are discussed 

Effect of Forward and Back Tension on 
— Force. P. Funke jun. (Stahl Eisen, 
1958, 78, Dee. 11, 1832-1834). A review of 
theories and formule published 
the determination of the 
forward and back 
the individual methods discussed rag 

Dynamic Loads in Rolling Mill Machinery. 
S. N. Koschewnikow (Neue Hiitte, 1958, 
3, Nov., 655-665) The orgins of dynamic 
loads in rolling mill machinery are disc: 
a method of caleulation is described; 


tronu 


using types ot 


recently on 
rolling foree from 
tension is presented and 


issed; 
an elec 
computer method of solving problems 
of design is reported J 
Electron-Microstructure ot the Working 
Roll for Cold Rolling. IV. T. Ando. (Tetsu 
to Hagane, 1958, 44, Mar., 456-458 x. 3 
Maintenance of Backup Roll Bearings in 
Strip Mills. W. M. Lewis lron Steel Eng., 
1958, 35, Nov., 115-122 \ detailed descrip 
tion 1s given of the maintenance 
of sleeve-type * babitted 
ing rolls, reference being 
the lubricant and keeping maintenance records 
Metal Bearings with Pure Fluid Lubrication 
for Roll Necks. I. Bearing Unit with Bush 
and — Neck. 8B. Sprenger *Stahl 
Eisen, 1958, 78, Dec. 25, 1853-1861 Phe 
principles, design and construction of full 
tlow bearings for roll described 
Il.. Roll Neck Bearings with Journal on the 
Roll Neck Designed for the Flow of Large 
Quantities of Oil. W. Miuillenbach. (1861 
1865). Principles and design of full-flow 
bearings and their advantages are discussed. 
IIIl._Roll Neck Bearings for Full-Flow 
Bearings of Simple Design. J. Frohling. 
1865-1867). A simple and rather inexpensive 
full-flow bearing design is described. The 


and assembly 
bearings for back 
made to checking 





necks are 
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special feature of it is the careful ventilation 
of the gaps and their connection with the oil 
supply so that no air can be entrained into 
the bearing part.——-T. G 

The New Medium-section Mill at the Cleve- 
land Works of Dorman Long (Steel) Ltd. 
V. Harrison and V. Stephenson. (JIS/, 1959, 
192, June, 132-142) This issue 

New Slabbing Mill. (/ron Steel, 1958, 31, 
Nov., 535-537 4 description of the slabbing 
mill opened by B.H.P. at their Port Kembla 
works 

American Steel and Wire’s Newest Rod Mill. 
R. R. Snow. (Blast Furn. Steel Plant, 1958, 
46, Dex 1305-1306; 1330-1331, 1339). An 
account is given of the layout and operation 
of the new rod mill at the Cuyahoga Works 
of United States Steel Corporation 

High Strength Steel is Produced in Wide 
Sheets. (/ron Steel Eng., 1958, 35, Nov., 141). 
Lukens Steel Co. have produced by pack 
rolling high-strength steel sheet 160 in. wide, 
ising their 206-in. plate mill The steel is 
intended for use in rocket motors 

Planning Heavy and Medium Plate Mills. 
W. Mullenbach (Demag News, 1957, (149), 
23-31) Four-high mills are discussed and 
various combinations of rolling units are 
considered and shown in general plan 

Louisville, Ohio, Plant of J. & L. is Ready 
for Full Operation. (/ron Steel Eng., 1958, 
35, Nov., 138-139). An account is given of 
the layout and capacity of Jones & Laughlin’s 
new plant for the production of stainless steel 
sheet and strip 

The Shape of Rolls for the Hot-Rolling of 
Sheet and Wide Strip. J. Mereader. (Koh. 
Lapok, 1958, 18, July, 317-321). Methods 
of calculation are given in order to determine 
the shape and dimensions of the roll — 
for hot-rolling of sheet and wide strip.—r. 

New Brinsworth Mill of Steel, Peech ond 
Tozer. (/ron Coal Trades Rev., 1959, 178, 
Jan. 2, 21-27) An illustrated account of 
inception and equipment 

Installation and Operation of the Reversing 
Hot Strip Mill. G. Buch. (*Blech, 1957, 4, 
11), 81-85). A deseription of a modern 
installation with a brief historical introduction. 

Morg Ardshammars System Rolling Train. 
M. Shobu. (Tetsu to Hagane, 1958, 44, May, 
571-582) In Japanese} A review, with 
43 references.—K. E. J 

Development of a Four-Roll Finishing Stand 
to a Two-Stand Tandem Mill. H. Bischoff. 
(Demaq Nachr., 1958, (154), 30-32). The 
modification of a 4-high stand to a tandem 
mill, with the addition of a further finishing 
stand to improve production and quality in 
a tinplate mill is described. 

Fully Continuous Narrow-Strip and Wire- 
Rod Mill. Wegmann, (Demag News, 
1957, (148), 16-29). A description of the 
mill erected for ARBED in Esch-Luxembourg. 
Design, operation, drives, conveyors, electrical 
equipment and controls are described and 
illustrated. It is planned to roll 35 t narrow 
strip and 20 tons wire rod 5-12 mm dia. 
per h. 

Medium Width Steel oe. (Engineering, 
1959, 187, Jan. 2, 22-2: A description of 
the new Brinsworth Mill. 

Effect of Rolling Conditions on the Proper- 
ties of Low-Carbon Hot Strip. II.-Mech- 
anical Properties and penanee. W. Dahl 
and W. Lueg. (Stahl Eisen, 1958, 78, Dee. 
11, 1793-1798). The mechanical properties 
of the strip were studied after cold-rolling 
to 80°,. Strip rolled at temperatures above 
\{, show higher strength than strip rolled 
below this temperature. This behaviour is 
attributed to a smaller grain size of strip 
rolled above A,. The differences in strength 
remain In spite of intermediate annealings 
during all cold-rolling operations Strength 
is higher in the transverse direction than in 
the rolling direction, i.e. grain elongation 
imposed during hot-rolling 1s not elimimated 
by the intermediate annealings However, 
the results vary as the weight of the coil, a 
cooling rate and hence precipitation is slower 
for heavier coils than for lighter ecoils—r. a. 

Automatic Numerical Data Logging and 
Processing in the Steel Industry. K. M. Sills 
and G. E. Terwilliger. Iron Steel Eng., 
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1958, 35, Nov., 101-109). Data processing 
systems and devices are described, and their 
application to a strip mill and tinning line 
outlined 

Cold-Rolling Mills for Narrow and Medium 
Strip. ©.Volkhausen. (* Blech, 1957,4, Nov., 
88-92). Frequent changes of dimensions, 
type and quantity of product may be re- 
quired from these mills. Actual installations 
are considered and a combined cold-rolling 
plant with a combination roll train and with 
multi-purpose assembly in the same stands 
is described. 

Study on the Rolling of Metals and Alloys 
by a Sendzimir Reversing Cold Strip Mill. I. 
Study of the Pattern of Waves Appearing on 
the Metal Foils. . Tanaka and T. Yoshiki. 
(Nippon Kinzoku, 1956, 20, Nov., 597-600). 
In the rolling of metal foil by the ZR 32-4 
Sendzimir mill, regularly spaced waves 
inclined to the rolling surface were sometimes 
found. These depended on the front tension, 
and could be suppressed above a critical 
tension. The waves are a type of centre 
buckling, but are not of ** 1-9 strain "’ or 

‘herring-bone " types.——xK 

Fundamental Aspects of Scale on Mild-steel 
Strip. S. Garber. (JISJ, 1959, 192, June, 
153-160). [This issue}. 

Anzin Works of the Tubes Division of the 
Lorraine-Escaut Group. (Aciers Fine Speéc., 
1958, Dec. 99-104). A brief account of the 
growth and present equipment of the works 
and the steels used. 


Studies on the Rolling of Seamless Steel 
Tubes. III. Effect of Rolling Condition on 
the Various Loads of a Plug Mill. K. Sato. 
(Tetsu to Hagane, 1958, 44, Mar., 386-388). 
The effects of lubricants, types of steel 
rolled, rolling temp. and rolling pressure are 
discussed. K. E. J. 

Relation between Quality of Tube Rounds 
Made from a Rimmed Steel Ingot and Inner 
Surface Defects of Seamless Steel Tube. II. 
Effects of Sand Marks and Sulphur Segregation 
on Inner Surface Defects. N. Eguchi. (7'etsu 
to Hagane, 1958, 44, Mar., 379-380). Relation 
ships are shown between inner surface defects 
and sulphur segregation and Mn/S ratio in 
the round, and black spots are analysed, 
to determine the effects of the Mn'S ratio. 


Hungarian Steel-Tube Production. J. Kuh- 


mann. (Koh. Lapok, 1958, 18, Aug., 362-366; 
Sept., 422-426). In the first part of the paper 


the author reviews the 
steel-tube making; (1) 
Stiefel, (3) Erhardt, 


Mannesmann, (2) 
(4) Continuous rolling, 
(5) Extrusion, (6) Welding. In the second 
part, the position of Hungarian steel-tube 
ee tion is reported and compared with the 
Vorld production.—P. kK. 

Modern Rolling Mill Drives. K. Breuer. 
(Demag Nachr., 1958, (154), 1-15). A survey 
is given of the modern development of main 
drives; a general outline of the principal 
features of modern blooming and slabbing, 
medium and light finishing trains and con- 
tinuous mills, including wire mills, is followed 
by a description, with illustrated examples 
of features of the drives and their lubrication. 


Production Control in Rolling Mills with 
the Aid of Intercommunication and Signalling 
Systems. H. Brosch and H. Waburek 
(*Stahl Eisen, 1959, 79, Jan. 8, 23-32). The 
various apparatus used for intercommunica- 
tion and signalling in rolling mills are described 
and their merits discussed and analysed with 
a view to further developments.—t. c. 

Computer Speeds up Measurement of Steel 
Tubing. (Western Metalw., 1958, Oct., 43). 
The article describes the use of a computer 
for the accurate measurement of tube length. 
The “linear encoder" involves a computer, 
memory drum and hand grip and measure 


ments are recorded by an automatic type- 
writer. R. 5. 

Weighing Machines for Rolling Mills. 
H. Schulten * Blech, 1957, 4, Nov., 92-98). 


Examples are given showing that by collabora- 
tion between the weighing machine designer 
and the works engineers the weighing device 
can be fitted into the works cycle without 
causing delays or excessive costs. 
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MACHINERY AND SERVICES 
FOR IRON AND STEEL PLANT 
The Gas Turbine in the Iron and Steel 

Industry. M. E. Aguet. (Revue M Tijd 
schrift, 1958, 4, (3), 147-163). The evolution 
of the gas turbine in its application ‘. the iron 
and steel industry is described, and illustrated 
by a detailed account of some examples. 
Future prospects and probable lines of develop- 
ment in design and fuel economy are dealt with. 

Another Turbogenerator Failure. K. J. 
Landrum. (Met. Prog., 1958, 74, Sept., 
91-94). The failure and its 
3000-kW. turbogenerator at the du Pont 
Co.’s plant at Old Hickory, Tenn., are di 
ascribed. The generator was installed in 
1934 and overspeeded immediately before 
the failure. From metallurgical evidence it is 
concluded that the damage originated in the 
rupture of a retaining ring.—T. G. 

Structural Steel Handling with Mobile 
Equipment. P. F. Walker. (J/ron Steel Eng., 
1958, 35, Nov., 110-114). The use of lift 
trucks at the Bethlehem plant of Bethlehem 
Steel Co. for loading for despat« h 19 000 t of 
structural steel parts a month is deseribe ad 

Electrical Advances Can Reduce Installed 
Costs. E. : Vonada. (Iron Steel Eng., 
1958, 35, Nov., 90-96). A general survey is 
made of new electrical installations installed 
in modern steel mill developments, with an 
assessment of costs. 

Tackling Water Pollution. EF. G. Paulson 
and E. P. Partridge. Iron Steel Eng., 1958, 
35, Nov., 123-129). The necessity for 
conserving water supplies in the U.S.A. is 
emphasized and methods of re-using and 
decontaminating water for industrial purposes 
are described. (16 refs.). 

Water Economy in Iron and Steel Works 
Undertakings. F. Wesemann. *Jernkont 
rets T'eknista Diskussionmote lecture, 
3lst, 1958). A 
water use, water reconditioning and effluent 
treatment and volume reduction is presented. 


causes of a 


May 


discussion of economy in 


WELDING AND FLAME-CUTTING 


Welding Metallurgy, based on Papers 
Presented to the Public Session of the I.1.W., 
Essen, July Ist, — H. Granjon. (Soud 
Techn. Connexes, 1958, 12, March April, 85 
100). The author summarizes the 26 papers 
presented at Essen under the following head 
ings: properties of the molten zone including 
welding atmosphere, gases, effect of hydrogen 
behaviour of the base metal (ferrous and non- 
ferrous); metallurgy of the weld area R. P 

Recommended Practice for Flash Butt 


Welding. (Rivista Ital. Soldatura, 1958, 10 
Aug., 147-153). [In Italian The paper 
defines the geometrical, electrical and mech 
anical variables of flash butt welding 


General recommendations are put forward to 
ensure satisfactory flash butt welding of nor 
with 0-4°7C, either 
Practical data 


with or 
charts 


steels 
without preheating 
are given.—M. D. J. B. 
Specification for First Quality Spot Welding. 
(Rivista Ital. Soldatura, 1958, 10, Aug., 154 
155). [In Italian A brief description is 
given of the geometrical characteristics, per 
missible defects and the aspects of torsion 
tested fractures of high quality spot welds. 
Points of View in Welding Cast Iron. ©. 
Pfeiffer and S. Lundin. (£.S.A.B. Svetsaren, 
1958, 23, (2), 17-24 Various aspects of the 
structure of cast iron are 
reference to Swedish 
and the selection of 
trodes is dealt with. 
Methods of Welding Circular Seams on Large 
Diameter Pipes. 1. Hense and H. Scheruhn 
(Schweissen Schneiden, 1958, 10, May, 162 
166). Hand welding and automatic welding 
of large diameter pipes for oil, water and ga 
are discussed and compared. The auto- 
matic method uses spe cial electrodes and gives 
good mechanical properties in the weld area; 
it is less time-consuming than the hand 
method and does not require skilled personnel 
LI.W. Commission III. Resistance Weld- 
ing. Recommended Practices for Flash Weld- 
ing. Part I: Plain Steels Containing less than 


alloy 


discussed, with 


east iron standards, 


suitable welding elk 
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Protection of Steel 


and Other Materials 


0:4% Carbon. (Soud. Techn. ¢ 1958, 
12, March-April, 142-148). The paper 
de seribe 3 the process nreiat nto tne if ible 
encountered. Procedures for welding with 
and without preheating are recommended \ 
diagram for calculating the length of material 
lost is given R. P 


Studies on Tests of Sensitivity to Welding 
Cracks with High-Strength Steel Plate. I. 
Comparison of Various Testing Methods. | 
Saito. II. Effect of Dimensions of Specimen 
on the Slit Welding Crack Sensitivity. 
Ito. II. Consideration of the Application of 
the Slit Welding Crack Sensitivity Test. Y. 








Araki. (Tetsu to Hagane, 1958, 44, Mar., 
372-374; 374-376; 377-379 ~K. | 

Brazing Alloys for Guided Missiles. A. T 
Cape. { et *rog., 1958, 7 Sept 99-104) 
Many types of brazing alloys are now available 
and the selection of the right alloy depends 
on such factors as kind ot Is to be 
joined, service to which it w ted 
and methods of brazing whi to 
employed r. G. 

Economical Gas Heat Treat Furnaces 
Effective for Close Carbon begarry Work 
D. | Pullins. W ester We 1958, Oct., 
53-54 Some new gas-fir tur 3 ur 
described, including a humpbacl ol ‘vor- 
type 47 ft long t 7 ft 6 high 1 
sociated ammonia or dr H and =hay y a 
temperature rang 1300 t 050° | This 
unit is used primar for high-temperature 
brazing The operation « i car 

irnace is de seribe 1 Lost { I on S re 
by maintaining close mntrol over atmosphere 
and dewpoint A number of other furnaces 
including some designed to use electr 
but oye to low cost gas heating are 
described 

The Technique of Bonding Heavy Metal 
and Non-metallic Materials. H. Winter 
and H. Meckelburg Schu uw Schneiden, 
1958, 10, Nov., 423-433 4 survey is pre- 
sented of methods of bonding heavy metals 
one to another and to non-met mate 
Bonding agents and surface pre-treatments 
are enumerated; experiments on steel bonding 
wents are reported; the bonding of steel to 
light metals; of copper, brass, and zin and 

{ metal to wood are described 

The Cutting of Ferrous and nen Ferrous 
Metals. EK. Sellier ; 

1958, 14, Oct., 35% 72 Phe "princi; rf 
xywen cutting are dis sed, with exar Ss 


the oy cor naan a | WW 
of pe tech 


a Flame ‘Cutting in the saa hg 


of a Apparatus. \ hitz. 

Schweisster , 1958, 12, tll 148 152 
Flame cutting with the additior ) Fe and 
other powders lescribed, and the structures 
obtained are discussed, wit part i r r 
ence to stabilized and unstabilized 18 8 Cr—Ni 
steels. 


The Scrapping of a 10-ton Cast Iron Jaw 
Crusher by Powder Flame Cutting. W. ! c 


Schweisae Schneiden, 1958, 10, N 
446-448). The prin ler 
euttu are dis 1 tl 1 i 
ment are described; t i i 
irom jay isher } vid ] I 
rhe « i f the met i | 1 1 
MACHINING AND 
MACHINABILITY 
Faster Turning Solves Tough Stainless 
Problem. (Stee/, 1958, 143, Dec. 22, 67 
An improved tool | ler decreased tool cost 
in machining 17-4 PH stainless \ negative 
rake angle and a sulphur-base cutting oi 
are used. 
New Investigations on the Relationship 


Between Chip Formation and Tool Life in the 
Machining of Steel with Cemented Carbides. 


G. Weber S Eisen, 1958, 78, Nov. 38, 
1678-1690 The life of a tool tip, Le. t 8 
between regrinding, was studied na great 
number of steels rar t i ) I 
grade and 1s reported u ietall with diagrams 
and tables \ for: la Was derived to char- 
acterize the technological beha, ir of ry 
steel taking into account the conditions of the 
cutting process The wear of the 1 tip 
JUNE, 1959 

Vetall. Obra. Met., 1958, (9%), 20-23 











de pe nds on the composition of the steel and 


therefore allows the classification of the steels 


with respect to tool wear Wear is greater 
for plain carbon than for alloy steels, but 
type and manner of wear are different for 


the various steels. Chip build-up and effect 
of feed on wear are dealt with at length.—-r. G 

Improvement of Machinability in Steels by 
Addition of Titanium Sulphide. JT. Saito. 
(Tetsu to Hagane, 1058, 44, Mar., 370-372 

Contribution to the Study of the Uses of 
Cutting Tools Made from Sintered Metal- 
Carbides. M. L. Broida. (Met. Corr. Ind., 
1958, Jan., 33, 30-51; Feb., 71-84). After 
reviewing the development of cutting tools, 
the author mechanical properties 
and methods of using steel and carbide tools. 
Methods of preparing tools and their behaviour 
and failures during use are dealt with. The 
author then discusses weight losses occurring 
during use of carbide tools, also abrasion; the 
relation between the work done in cutting and 
distance, temperature and rate of cutting are 
analysed, also the effect of variables on weight 
losses. (10 references). R. P. 

Tool Steel Failures. G. Davitz. (Eng. 
Foundryman, 1958, 24, Aug., 63-70). The 
failures of tool steels are tracked down to 
neglect of the following five criteria: Sound steel 
of the proper grade; Correct heat-treatment; 
Good design; Proper grinding; and Proper 
application and operation.—t. G. 

Working Speeds for Grinding Wheels. 
(Aciers Fine. Speée. - 1958, Dec., 86-88). 
Tables are given and the relevant formulae. 

The Influence of Various Factors on Metal 
Removal and Abrasive Consumption in the 
Grinding of Steel with Pendulum Grinding 
Machines. G. Waliquist, B. Hamrin and H. 
Lund. (Jernkonts. Ann., 1958, 142, (9), 541 
569). A description of Swedish works trials 
to determine the effect of various factors on 
metal removal and abrasive consumption. 
Metal removal increases with pressure and 
peripheral speed, and consumption of abra- 
sives increases with grinding pressure and 
metal removed. It is shown that the most 
effective way of reducing grinding costs is 
to use larger grinding motors with increased 
grinding pressure. 

Determination of Fundamental Conditions 
in Peening. I. Relation between the Dent 
Size, Density and the Fatigue Strength. Kk. 
Kamishohara. Tetsu to Hagane, 1958, 44, 
Mar., 350-352). The best results for a 6 « 6 
mm test-piece are given by peening to 100 
dents of 0-16 mm dia. per mm? of surface; 
the fatigue limit is increased from 75 to 100 
Kg/mm?. Other results are given.—kK. E. J. 

Ten Tips to Better Scarfing. 8. Shatuck. 
(Iron Steel Eng., 1958, 35, Nov., 131-132). 
Some practical hints on scarfing are given. 


discusses 





CLEANING AND PICKLING 

The Preparation of Metals for Protective 
Finishes. RK. E. Shaw. (Met. Rev., 1958, 3, 
(12), 327-356). A review of ferrous and non- 
ferrous metal treatments. (73 refs.). 

Modern Chemical Processes for Degreasing 
and the Formation of Protective Layers on 
Iron and Steel. W. Rausch. (Metallober- 
flache, 1958, 12, Oct., 289-295). Modern 
methods of degreasing and phosphating are 
described, with some examples from practice. 

Polishing of Stainless Steels. (Aciers Fins 
Speéc., 1958, Dec., 74-76). A brief account of 
abrasive polishing and buffing. 

Sand-Blasting and Pickling. H. Bablik and 
F. Gotzl. (Mét. Constr. Mécan., 1958, 90, 
Oct., 773-775). The importance of sand- 
blasting in preparing the surface for hot- dip 
galvanizing is emphasized, and the process is 
compared with pickling, in sakuihien to its 
influence on the subsequent zine coating. 

Study on Acid Pickling. I. On the Inter- 
ference of Ferrous Sulphate. KR. Kawabata. 
(Tetsu to Hagane, 1958, 44, Mar., 352-354). 
Detailed results are given for the effect of 
FeSO, (up to 7%) on corrosion loss (with and 
without inhibitor) of mild and high-carbon 
steel, roughness of mild-steel surfaces and 
pickling speed for mild steel.—k. E. J. 

Pickling Agents and Pickling. F. Margival. 
84, Oct., 450-459). 


(Peint. Pig. Ver., 1958, 


JUNE, 1959 
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‘aust 
ous and non-ferrous 
plant and = subsequent 
viewed. (60 refs.). 

Sulphuric Acid Regeneration Plant in the 
Acid Cycle of a Wire Pickling Shop. W. 
Mallach Draht, 1958, 9, Sept., 335-342). 
he problem of acid recovery is analysed for 
the case of a wire mill with a pickling shop 
throughput of 12,300 tonnes/month on three 
shift working gatch pickling is envisaged 
for 8000 tonnes/month, continuous strand 
pickling for the balance. Complete design 
calculations are presented for the regeneration 
plant.— 3. G. w. 

The Regeneration of Electrolytes for the 
Electrolytic Polishing of Carbon Steel. T. 
Zak. (Metalloberflache, 1958, 12, 361-363). 
The extent to which impurities such as Fe?* 
and Cr** are deleterious to electrolytic polish- 
ing baths containing chromic acid is examined, 
and methods of removing these constituents 
are described.—t. p. H. 


Treatment of Residual Liquors from Metal 
Treatment. ©. Allais. (Corros. Anticorros., 
1958, 6, July-Aug., 252-257). The treatment 
and disposal of contaminated water from the 
industrial treatment of metals is discussed 


Degreasing apparatus (solvents and 
and pickling baths for fer: 
metals, inhibitors, 
treatment are re 


PROTECTIVE COATINGS 

Research on Microthrowing Power and 
Leveling of Plating Baths. E. Raub. (Plating, 
1958, 45, May, 486-492). Structures and 
mechanism are considered. The experiments 
were made with Ni or Cu on brass. 

Modern Surface Treatment. K. Jahnsen. 
(Jermindustri, 1958, 39, Oct., 208-214, 223). 
Quality control of surface treatments is 
discussed, including phosphating, laequering 
and electrolytic polishing. 


Porosity of Films. W. Bratkowski. (Ind 
Eng. Chem., 1958, 50, Deec., 734—-74a). Tests 
for pinholes in plated costings are briefly 


reviewed 

Studies on the Electrodeposited Chromium 
Film. Awa and 0. Fusida. (Nippon 
Kinzoku, 1957, 21, July, 447-449). Uni 
formity of plate thickness may be improved 
by surrounding the cathode by a frame. 
The best is selected from four designs, and a 
further improvement follows from reducing 
the area of contact between cathode and frame. 
A variation from 5y at the centre to 4 at 
the periphery of the cathode is obtained. The 
method can be used for gauge blocks K.E.J 

Nickel Plating and Its Industrial Applica- 
tion. H.C. Castell. (Mét. Corros. Ind., 1958, 
33, Sept., 366-376). Various techniques are 
outlined for the electrolytic deposition of 
nickel, and for the non-elee trolytic deposition 
of Ni-P alloys. 

Industrialisation of Chemical Nickel Plating. 
R. Bailleul. (Corros. Anticorros., 1958, 6, 
Feb., 48-50). The principles of nickel coating 
by chemical methods are summarized and 
the properties of these coatings are discussed 
They consist of 92°,Ni and 8°.P, melting 
at 890°C. Their hardness depends on struc 
ture and temperature. Thermal shock causes 
eracks. Ni coatings may be used for corrosion 
prevention, welding, brazing, prevention of 
contamination by iron and its oxides and for 
covering plastics. Materials which may be 
covered by nickel include iron, steels, Al, Cu, 
and its alloys, ceramics, glass and Ti.—Rr. P. 

Electroplating. Bright Plating of Nickel. 
E. Bertorelle, T. Bellobono and C. Bordonali. 
(Galvano, 1957, 26, Nov., 29-32; Dec., 28, 33). 
The authors summarize developments made 
in the bright-plating of nickel over the last 
25 years. They go on to discuss the five main 
theories for obtaining a bright nickel deposit 
and then expound their own theory based on 
research work, The authors state the experi- 
mental details of their tests and give results 
obtained —_— tw different conditions. (35 
references). 

Alkaline Nickel Plating. E. B. Saubestre. 
(Plating, 1958, 45, May, 479-485). A review 
with bath compositions and discussion. 

On Chemical Nickel Plating. L. A. Rubio 
Felipe. (Inst. Hierro Acero, 1958, 11, July- 
Sept., 202-210). [In Spanish]. A study of 


ARSTRACTS 


183 


the factors affecting the 
baths is reported It 
for a maximum velocity of reduction 
of the nickel ion it is necessary that the 
relationship between the true concentration 
of the nickel and hypophosphite should have a 
fixed value; (ii) the pH must be controlled 
since the reducing power of the hypophosphite 
depends on this and, if high nickel 
salts will precipitate with the metal; (iii) 
sodium acetate will stabilize the pH in any 
acid bath; (iv) it is necessary to stabilize the 
solution with a complexing agent; (v) sodium 
benzenedisulphonate additions result in very 
bright deposits and improve the levelling 
action of the bath; (bi) Al can be plated if it is 
inclusion-free and the plating is slow, and; 
vii) the effect of the organic acids studied 
on the hypophosphite reducing power c¢ ould 
not be 

The Galvanizing Association and the Society 
for “ Zinc and its Alloys.” ©. A. Wahl. 
(Galvano, 1958, 27, May, 39-42) An address 
given to Conference held in February, 1958 
The speaker discusses the use of zinc as a 
corrosion protector and then summarizes the 
Society for zine and its 
“Kaye ’ allovs of 
ee and presses are 


yrocess in acid and 
k 
alkaline is concluded 


that: (i 


basic 


assessed P. 8. 


functions of the 
Alloys. The uses of 
zine for tools, 
summarized .— -& 

Hot-Dip Galvanizing Practice. A. T. Bald- 
win and W. H. MeMullen. (Galvano, 1957, 
26, Nov., 36-43; Dec., 29 33). The authors 
give a brief review of developments in hot- 
dip galvanizing over the last 25 years. 
Pic kling and pickling solutions, galvanizing 
baths and attack on these by the molten metal 
and methods of handling are discussed. The 
authors then discuss continuous processes for 
the galvanizing of wire, sheet and strip. The 
structure of the zine coating and the influence 
of aluminium are commented on.-—k®. P. 

Hot-Dip Galvanizing of Cast Iron. M. H. 
Davies. (Foundry Trade J., 1958, 105, Dec. 
4, 685-687). The method is outlined and the 
surface conditions for satisfactory coating 
and design and methods of attamng these 
are briefly discussed, 

Distribution and Action of Aluminium in a 
Galvanizing Bath. K. Haarmann and D. 
Horstmann. (*Stahl Eisen, 1958, 78, Dec. 11, 
1808-1811). Concentration gradients of Al 
in galvanizing baths exist only for a very 
short time after the Al addition, the Al 
distribution in the zine bath is normally even. 
With increasing Al content of the bath the 
thickness of the zinc layer decreases, but 
increases for Al contents above 0-2%. The 
uniformity of the zine layer reaches its maxi- 
mum for Al contents of about 0-2%,, at higher 
Al proportions a variety of defects of the zine 
layer is observed. Adherence of the zine 
increases with increasing Al content, this 
being attributed to the inhibition of the forma- 
tion of a iron-zine alloy layer by Al.—t. a. 

Modern Wire Galvanizing Plants. F. Rub. 
(Draht, 1958, 9, May, 170-174). Among the 
recent developments described in this review 
are coiling and uncoiling equipment for 
both hot-dip and electro-galvanizing, electrical 
heating of galvanizing baths by means of a 
lead bath, and single-strand electro-galvaniz- 
ing installations J.G.W. 

The Attack of Zinc Melts Saturated with Iron 
on Titanium-Bearing Iron. 1. Horstmann. 


(Arch. Eisenh., 1958, 29, Dec., 731-735). 
The attack of iron-saturated Zn melts on 
Fe is increased by Ti in the Fe. The laws 


governing this reaction are examined for 
various temperature ranges. 

Occurrence of a Ternary Carbide in the Attack 
of Liquid Zine on Iron-Carbon Alloys. L. J. 
Hiitter and H. H. Stadelmaier. (Z. Metallk., 
1958, 49, Nov., 600-601). It is shown that a 
ternary carbide Fe,ZnC is formed on the Fe 
surface in the reaction between Fe, C and 
molten Zn. This carbide, embedded in the 
5,, has an ordered face-centred cubic lattice 
with a constant of 3-80kX. 

Methods of Testing Zinc Coatings on Steel 
Screws. H.G.Bobe. (Draht, 1958, 9, June, 
218-219). Two testing procedures not in- 
cluded in German Stan ards are described 
and commented on, namely a “ drop —,. 
test and a copper sulphate dip test.—y. 
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Investigation of Hot-dip Tinning Baths of 
Various Compositions, Notably with a High 
Lead Content, With or Without Salt Cover. 
Draht, 1958, 9, Aug., 304-306 Investiga 
tions of the hot dip tinning of wire 
ported, the purpose 


are re 


f which was to ascertain 


the most suitable mixture of salts for covering 
the bath so as to prevent slag formation 
The investigation was not successful J3.G. W 


Aluminium-Coated Iron Castings. (U sine 


Vouv., 1959, 15, Jan. 22, 98-99). Electro 
lytic Al deposition from a sed salt bath is 
lescribed as carned out in the U.S The 


metal can also be pickled and dipped in molten 
4) Methods of testing and control and the 
structure produced are outlined and the cor 
rosion and heat compared with 
that of galvanized iron 

Titanium Coating. I. Titanium Coating by 
So-called Pyrosol. Y. Ogawa, Y isamatsu 
and K. Kawamura. II. Titanium Coating 
by Fused-Salt Electrolysis. Y. Ogawa, Y. 
Hisamatsu, K. Kawamura and J. Tatsuma 
Nippon Kinzoku, 1957, 21, Oct., 597-599; 
599-602) Titanium can be deposited on 
when it is immersed side by side 
with titanium sheet or powder in a fused 
bath of NaCl, KCl or The coating 
thickness depends mainly on temp. and time 
The micro-Vickers hardness is 400-600, and 
i high resistance to corrosion is obtained. 
Lf. A coating can be produc ed by electroly sing 
PiF, dissolved in KCl-NaCl mixture under 
argon atmosphere Optimum conditions 
include modulated direct 


resistance 15 


a steel sheet 


4 mixture 


an 


using a current 


The micro-Vickers hardness is approx. 300, 
but the corrosion resistance is the same as 
with the “ Pyrosol’’ method.—k. £. J. 
Contraction Stresses in Sprayed Metal 
Deposits. W. i. Stanton. (Met. Ind., 1958, 
93, Dee. 19, 509-511). Mild steel sheets 
thinly coated on one side with Mo were 
sprayed with Zn, Cu, Al, bronze, 0-9°,( 
steel, 13°.Cr steel, Ni/Cr/Mo steel, 0-7°9¢C 
steel, 0-4°.C steel, Swedish iron and 18/8 
stainless Che amount of bending produced 
was observed and related to sprayed metal 
composition and thickness Che structure 
of the sprayed metals and — phase 


changes taking place are discusse 
The Protection of Sections by Metallisation 
(Prat. Se 1958, 12, —- 32 \ 


description of sand-blasting and met all zatior 


yud., 


with Pb of sections for call cs stat supports 
id an, wma Coating with Iron Phosphate. 
J Jemesse Corre inticorros., 1958, 6, 
Fab » 31-39 rhe vutl r gives a brief 
review of the history of phosphate coating 
and compare the various methods He 
points out advantages of ferrous phosphate 
over those of Mn or Zn. The ferrous phos 
phate solution remains reduced; pickling and 
washing are not necessary Only one bath 


is required after degreasing R 

Variations in Density and Protecting Power 
of Phosphate Coatings on Iron According to 
the Time Taken for Their Deposition. | 
Jimeno and A. Arévalo. (Corros. Antoco 
1958, 6, Feb., 51-58). The authors describe 
experiments to that the 
phosphate coatings is not a direct function 


rros., 





show density of 


of the time taken to produce these layers. 
Partial dissolution of the crystalline layer 
takes place and it recrystallizes This is 
accompanied by modification of the grain 
Size Corrosion prevent more efficient 
the denser the coating ie salibenaes P 
vir eae J =e. Recent Improve- 
ments. arde rros nticorros 


1958, 6, "107 108 The author gives 
a brief review of phosphating methods and 
the various phosphates used Recent im 
provements are due to the use of polyphos 
phates such as pyrophosphate, hexameta 


phosphate or tripoly ee in concentra 
tions of 0-1 to 0:5 l Organic complexes 
chiefly dé f ethylenediamine) help 
to develop a oating and the 
bath clear R. 

Asphalt-Type ‘Protective Coatings for Under- 
ground Pipe Lines. NACE Technical Unit 
Committee T-2H 1958, 14, Aug., 
373t—374t). Tentative specifications are given 
for asphalt wrapped systems of primer, enamel, 
and test methods 


rivatives « 
thicker « 


I 


(Corrosion, 


wrapping 
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Protection of Steel and Other Materials 
by Means of Hard and Soft Rubber. H 


Ziegner Draht, 1958, 9, Sept.. 344-346) 
Rubberizing techni jues are described and 
the resistance to chemical attack by numerous 


substances is tabulated for 
rubber G.W 


Surface Treatment of Mass- Produced Articles 


the s ol 


two type 


in Steel. K. Jahnsen ernindustri, 1958, 
39, Nov., 227-231, 242-243) Surface treat 
ments of mass-produced steel articles, includ 
ing lacquering, are discussed 


Effect of Accompanying Elements on the 


Enamelability of Steel Sheets. W. Tepoh! 
Stahl Eisen, 1958, 78, Nov. 27, 1765-1768 
A review of published information on the 
effect of the elements present in steel on its 
behaviour during enamelling dealing with 


C, Oo, 3, N, P, &, 
V.and Ti r.G 

Factors in the Fabrication of (Grey) Iron 
Castings Which Can Cause Defects in Vitreous 
Enamelling. A. Bordes. | 1958, 13, 
Nov. 29, 401). Metallurgical problems 
connec 1 with the manufacture of grey 
castings to be treated by vitreous enamelling 
the with factors, 
applying to various stages of manufacture, 
which can influence the quality of the enamel 

Coatings for Underwater Metal Surfaces in 


Mn, Al, Cu, Ni, Co, Cr, Mo, 


Vetalen, 
346 


t iron 





are outlined article deals 


Fresh —— Exposures. 8. M. Gleser. (Cor 
rosion, 1958, 14, Aug., 377t-386t) Loc] se 
dam components along the upper Mississippi 
were examined ests on 190 panels 


over 18 vears were made with 


is p unting 
systems 

Influence of the Surface State of Steel on 
the Protection Provided by Paints of High 


Zinc Content. G. Binetti and G. Ghisolf 
Corros. et Anticorros., 1958, 6, Oct 352-362 
From a study of the electrochemical prote 
tion provided by zinc-rich paints and tests 
under service conditions, conclusions § are 
drawn abo the suitable preparation of t 
steel for painting 4 

CLAD SHEET AND HARD-FACING 


The “ Spray Fuse ” Hard Facing Process for 
Stellite Cobalt Base Powders. %. R. Gault and 





I). A. Tronside Vachine 1959, 94, Jar 

28, 189-197 The development of Co-base 
Stellite and its use for coating pump shafts 
ind sleeves, pvrometer sheaths and other 
parts are described. The new process gives 
thinner deposits than do the oxy-acetvlen 
ind are processes Standard powder spray 


shown 
with an 


and structures are 
The cold spra ed deposit is fused 
oxv-acetylene torch after deposition 
Characteristics of New Methods of Pistol 
Spraying of Ceramic Powders or Hard Alloy 
Metallics. M. Muller Prat. Soud., 1958, 
12, Apr., 73-76). An outline is the 
materials used and the 
in metallization by 1 


ing pistols are used, 


given of 
techniques empl 


eans of a variety 


illoy powders, and the application o ating 
of ceramics and cermets 
POWDER METALLURGY 


What Carbon and Alloys do for Iron Powder. 
S. R. Crooks (Met. Prog., 1958, 74, Dee 


68-73). Improved mechanical properties, 
particularly strength, of powder-metallurgica] 
parts were obtained when the iron powder 
was alloyed with 1° graphite and 1 lubri 


cant stearate r with 2 Ni, 0-5 Mo 
and 0-3°.Mn r.G 
Continuous Sintering of Quality Powdered 


Metal Parts in a Mechanized Furnace. (/ 


zime 


Heat., 1958, 25, Oct., 1964-1968 A descriy 
tion is given of a new pusher type gas-fired 
sintering furnace with preheat and high 
heat zone, operating on a continuous basis 


The Hot Strength of Sintered tatangont 
Substances. [. N rs nzewitse Veue 
Hiitte, 1958, 3, Dec., 732-739) ‘he physical 
and chemical properties which are of import 
ance in the use of sintered metals and ceramics 
at high temperatures are examined theoretic 
ally and in the light of typical examples 

On Some Properties of Iron-Copper Alloys 
a by the Method of Impregnation. 

N. Frantsevich and O. K. Teodorovich 
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Vetall. Obra. Met., 1958, (9), 20-23). To 
avoid etching or loosening of the boundaries 
the specimens were made from solutions of 
Cu in Fe and Fe in Cu mutually in equilibrium 
at the sintering temperature and ageing of 
both phases was thus facilitated The sinter 
ng was carried out in H, at 1050° ¢ 20h 
for the iron 8% and the Cu Fe 
was melted in H [The specimens were 
impregnated in H, at 1120° for 30 min 


ind pore- free speci ‘re examined. Hard 
ess and other measurements were made 
The Influence of Small Amounts of Solid 
Solution-Forming Alloy Constituents on Sinter- 


mens we 





ing Behaviour. [F. Thiimmler. (Planseeher., 
1958, 6, April, 2-16 Che influence of small 
amounts of solid solution-forming all y 
elements on the sintering behaviour of 
Cu and Ag was tested If the solid solutio 
is formed first, sintering 1s not impro ° 
the sintering of Fe-Sn and Fe-Mo being 
hindered Sintering behaviour in relation to 
size factor and mechanical properties is dis 
cussed If the solid solution is formed in situ, 
the sintering behaviour of the systems investi 
gated is improved 22 references R.P 
FERRITES, CERMETS, AND 
CARBIDES 
anes Ceramic Tool Materials. I, II. 
latthijsen * Vetaalbewerking, 
vy 22 » 452-457 23), 467-470 A dis 
cussion of hard materials and the develop 
ment of ru vith sj alr rence to the 
lumina compositions and their ph cal 
ind mechanical properties Purning sts 
ul ed to assess th fects of porosit ind 
hardness and elasticit ire also considered as 
fas method of production and the theory 
intering Recommendations as t irit 
g2rain size and compacting and sintering meth 
ds and the effects of additives on grain growth 


re made 
On the wonpenation and Properties of Sodium 


Ferrites. J rhéry and RR. Collongues 
Compt. Rend., 1958. 247, Dee. 1, 2003-2006 
lhre« ferrites were recognized b X-ray 
methods Onl the rthorhoimbi« Na,Q, 
FeO, is stable, but a rhombohedral form and 
2Na,Q0, 3Fe.0O, also occur 

Preparation of Magnetic Ferrites. (I), 


Ferrite Formation of Precipitates from Mixed 
Solutions of Bivalent Metallic and Ferric Ions. 
J lasaki, ‘I Iz hi and K Kajima (Re 
G Ind. Res i t. Nag ts, 1958, 7. No 
835-846 

Faraday Rotation and Loss Characteristics 
of Ni-Mg, Mg Mn and Ni Zn Ferrites in 3 cm 
Wave-Length Region. Huang Wu-han, Ling 


Jan-dah and Ho Chang-sheng icta Phy 
S 1, 1958, 14, Nov., 431-441 
PROPERTIES AND TESTS 


Some Effects of Chemical Composition on the 
Mechanical Properties of Steels. (}. Mayer 





d L. H. Toft Re \ 1958, 24, (2), 
27-38 The influence of chemical composi 
tion on the tensile and impact strength of 

i is steel examined in detail The 
ffects ) certain metallic additions are 

er with a bainitic than with rten 
structure 

Crystal Structure and Deformation. E 
Schmid (Metall 1959, 13, Jan., 1-1] 
TI relation between ervstal structure and 
deformation is examined for crystals of several 


ome to Fe 82 refs. 
Beam and Column Tests of Welded Steel 
Tubing — Design Recommendations. D.S 
Wol and M. J. Rebholz S.7.M 
Bul Oct., 45—51) 
The Mechanical Properties of An Experi- 
mental Silicon Nickel Steel Containing 0-3 


metals, with reference 


Ay 


Carbon. A.S. Kenneford TI DU 6013, List 
971, pp. 17 Effects of tempering up to 
700° © on mechanical properties are giver 
and it is shown that the 2°, Ni has no advant 
ges over Mo in a 2°.Si steel 
The Autumn Metallurgical Conference. 
(Met. Constr. Mec., 1958, 90, Nov., 819 837 
\ summary of papers presented at the abov: 
onference of the Société Francaise de Métal 
rg Mechanism of Intergranular Fragility 
NE, 1959 








of Al Zn and Al Zn Mg Alloys: Effect of 
Polygonisation on Fragility. P. Gobin and J 
Montuelle Report on the Phenomena of 
Intergranular Adsorption and a Study of 
Their Relations with Intergranular Fragility. 
G. Henry, J. Plateau, X aché and M 
Contribution to the Study of the 
Mechanism of the Brittle Rupture of Mild 
Steel. J. K. Lean, J. Plateau and C. Crussard 
On the Relation between the Distance of 
an Inclusion from the Surface and the Influ- 
ence of the Inclusion on Fatigue Cracking. 
Hi le Lewis and E. Frappier Effect of 
Inclusions on the Formation of a Fracture and 
the Mechanical Properties of Steel Castings. 
M. Matuschka. Some Features of the Process 
of Fracture of Alloys at High Temperatures. 
. Serensen. Brittle Fracture of Ductile 
Metals in Relation to State of Constraint. 
G. V. Ugik. Propagation of Cracks Initiated 
by Fatigue at Low Temperatures. M. Weisz, 
R. Tamhankar, J. Plateau, G. Henry and ¢ 
Crussard. Effects of Oligo-Elements: System- 
atic Analysis Using Irradiation of a Large 
Numbers of Impurities in Aluminium and in 
Very Pure Iron Made by Zone Melting. P. 
Albert and J. Gaittet. The Effects of Very 
Small Quantities of Elements on the Resilience 
of Medium-Alloy Steels Quenched and Tem- 
pered. J. M. Capus. The Brittleness of 
Special Steels as Cast. Influence of Seapuritios 
and of Structure. A. Gueussier and R. Castro. 
Experimental Study of Solidification Cracks in 
Steels: Effects of Impurities. HK. Castro and 
\. Gueussier. Influence of Some Elements in 
Traces on the Strain in Brittle Fracture in 
Iron and Iron Alloys of High Purity. HK. E 
Hopkins and H. KR. Tipler. The Effect of 
Several Elements on the Stability of Stellite. 
K. Lobl, J. Jezek and H. Tuma. Addition 
of Bismuth to Some CastIrons. J. €. Margeric 
and M. Drouzy. A Study of the Effects of Re- 
sidual Elements on the Tensile Strength of 
Wire Rod. KH. Matuschka. The Effect of 
Small Contents of Tin on the Mechanical 
Properties of Cold-Rolled Sheets. P. Kocquet, 
G. Jegaden and KR. Tarriant. The Effects 
of Small Quantities of Arsenic, Tin, Antimony 
and Lead on the Metallographic Structure of 
Cast Grey Iron. A. Scortecci, R. Sacerdote 


Gerber 


and k. Stagno. Some Characteristics of 
Interstitial Solid Solutions: Behaviour of 
Boron in Iron. J. W. Spretnak and R 
Speiser. A Study of the Thermal Evolution 


and Physical Chemistry of the Basic Bessemer 
Conversion Process for Recording Bath Tem- 
perature. J. (ialey, L. Beaujard, P. Vallet 
and G. Urbain. The Basie Bessemer Process. 
J. Marot and |. Harveng. The Relation 
between the o-Phase in Cold Working and the 
Parent Austenite in Low-Carbon 18 8 Steels. 
P. Bastien and R. Margerand. Blowing 
Powdered Products in the Converter Blast. 

3. Trentini, P. Vayssiére, R. Alleyrac and 
J. Legrandjacques. Refining Pig Iron with 
Pure Oxygen and Lime Powder. The IRSID 
OLP Process. 1/3. lrentini and M. Allard. 

Roughness of Worked Surfaces and Its 
ee. I UCU. Krause. (Stahl Eisen, 
1958, 78, Dee. 11, 1827-1832). A review of 
the principles of roughness measurement of 
worked surfaces is given, the various methods 
in current use deseribed and the repro 
duction and consistency of the test results 
discussed r. G. 

Improvement of the Quality of the Surface 
Layer of a Metal by Electromechanical Smooth- 
ing. bB. M. Askinazi (Metall. Obra. Met., 
1958, (9), 49-53). In this high 
intensity low-voltage current passes between 
workpiece. Steel 40Kh, quenched 
was used and surface hardness 
was measured and microstructure compared 
with a mechanically ground surface. Wear 
tests were also made. The electromechanical 
process shows advantages. 

Metals. Ferrous —. _Non-ferrous, and 
Fatigue}. (A.S8.7.M.S8 No. 196, 1957, 
pp. 175). Studies on ng 301 Stainless Steel 
Columns. .J. Dubuc, V. N. Krivobok, and G. 
Welter (1-21). Tests in compression are 
described. Buckling related to slenderness 
ratio Was in general agreement with the theory 
of Watter and Lincoln. Effects of creep or 
cycling the applied load, and stress-relieving 


process a 


tool and 


or normalized, 
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and relatively low temperature heat treatment 
are discussed. Shotpeening Effects and 
Specifications. H. 0. Fuchs 32 \ 
method of obtaining equivalent invtes nsities is 
included. Effect of Forming on Mechanical 
Properties. J. L. Waisman and ©. 8. Yen 
(33-44). Effects of bending and stretching on 
302 stainless and 
reported, explanations and methods of pre 
diction are advanced. Axial Stress, Fatigue, 
Creep, and Rupture Properties of Unnotched 
and Notched Specimens of Heat-Resistant 
Alloys. F. H. Vitovee and B. J. Lazan. (45 
62). Stainless Type 403 and other alloys were 
tested. Determination of Young’s Modulus 
under Conditions of Relaxation. K. W. Fenn 
jun, (63-76). Apparatus is deseribed with 
special reference to methods of gripping the 
specimens and degrees of misalignment and 
their effects on values obtained Effect of a 
Number of Variables on the Fatigue Properties 
of High-Strength Steels. (:. Sachs, B. B 
Muvdi, and E. P. Klier. (77-93). Steels of 
aircraft quality machined from 3 to 44 In 
round or square heat-treated to 
strength values between 210 000-290 000 psi, 
were tested and the effects of specimen position 
in the section, as-processed section, strength 
level or tempering temperature, 
centration, and fibre structure or direction 
ability are evaluated. Uni-Directional Axial 
Tension Fatigue Tests of Beryllium Copper and 
Several Precipitation-Hardening Corrosion- 
Resistant Steels. M. H. Weisman, J. Melill, 
and T. Matsuda. (123-142 Notched tensile 
and smooth and V-notch fatigue tests are 
reported AM350, A-286, and 17-7PH steels 
were used. Single-lap riveted aircraft joints 
in AM350 were also simulated and 17-7PH 
with unloaded rivet-filled 
included. The kind of information 
needed for design purposes is considered 

Relationship between the Mechanica! Proper- 
ties in the Casting and in the Separately Cast 
Test Bar. W. Patterson and F. Iske. (Gtessere: 
Tech. W ise., 1958, Sept., 1147-1169 
Assuming that a logarithmic relationship 
exists between solidification time or 
transformation and the surface volume 
of a casting, the mechanical properties of test 
and were 
cases where the surface area volume ratio was 
exactly defined. Equations for tensile strength 
and hardness were derived, from which nomo 
grams were constructed to give direct readings 
of these quantities could be made from a 
knowledge of the surface volume ratio and the 
chemical composition of casting and test bar 
(29 refs.). 

Proceedings of the 1955 Sagamore Research 
Conference. Strength Limitations of Metals. I. 
(UWS. Dept. Commerce, PB 131280, 1956, Mar., 
pp. 203). Introduction. A. P. Taber. (4-7 
Requirements for Strength Increases in Ord- 
mance. N. L. Reed. (8 10 Summary of 
Strength Limitation Phenomena. (3. Sache 
(11-35). Tests and their interpretation are 
summarized and the effects of 
elements, hydrogen, and heat and mechameal 
treatments are referred to. (25 refs Disloca- 
tions and Strength. P. 8. Hirsch 36-70 
A fully illustrated discussion. (19 refs. and 
tables). Effects of Grain Size, Solid Solution 
-—< — Metallurgical Factors on Strength. 
E. Parker. (71-83). Dislocation theory is 
te the Effects of Transformations and 
Precipitations on Strength. bk. P. Klier. (54 
102). The maximum strength that can be 
developed in constructional materials is dis 
cussed, mainly with reference to heat treat 
ment. Dependence of Strength on Loading 
Speed and Loading Time. |). 8. Wood. (103 
124). Both conventional loading and wave 
propagation phenomena are considered 


Strength Limitations under Repeated Load. 


non-ferrous alloys are 


sections, 


stress con 


specimens holes 


were 


time of 
ratio 


pieces castings investigated, for 


alloying 


E. D’Appolonia. (125-142). Fatigue testing 
is described and results for a Ti alloy are 


Effect of Section Size on Fracturing. 
J. D. Lubahn (143-161). The 
fracture and the experimental findings are 
clarified but no mechanisms are considered 
Effects of Stress Concentrations, Fibering, and 
Residual Stresses. ©. Hoffman. (162-178). 
Large forgings, especially for aircraft landing 
gear, are considered. Effects of Hydrogen on 


given. 


process ot 
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High-Strength Alloys. V. Weiss 179 196 
Steels and Ti alloys are particularly dis sed 
Discussion of Hydrogen Embrittlement. \. |! 





Promisel 197-203) rials on eliminating the 
eflect from steel are rep {, with a note on 
the effeet of corrosion IL PB 131281, pr 
204-402 Super-High Strength Steels for 
Aircraft Applications. J. W. Sand 204 232 
Data on 13 steels are g f in 1955 


under tr “High ‘deueet Strength 
Steels woe Low Temperature Service. \. Has 


and nine 


lich 233-257 (jun tube i armour are 
mostly discussed. Effect f rare earth met 
are show! Strength Limitations of High 


Strength Steels at Moderately Elevated Tem- 


peratures. W. F. Brown jun 258 288) 
Creep and impact properti ip to 800 are 
shown and heat treatmen | is i Onset 


of Fast Crack Propagation i in High Strength 
Steel and Aluminium Alloys. ‘(). K. Irwin 


(289.305). A force tendency concept is used 
and work on SAE 4340 steel is reported 
Fractures are illustrated 

Determination of Tensile, Compressive, 


Bearing, and Shear Properties of Ferrous and 
Non-Ferrous Structural Sheet Metals at 
Elevated Temperatures. J. V. Melonas and 


J. R. Kattus. (WADOC Tech. Report 56-340 
ISTIA Document AD 131069; PB 131461 

650, 1957, Sept., pp. 282 AIS] 4130 allo 

steel at nominal strength levels of 150 000, 
180 000 and 200 000 psi and a Type 301 full 
hard stainless were used The apparatus is 
shown and numerous curves and tables display 
the results. D. E. Miller ik Techn. Repor 
No. 6517, Vi; ASTIA Document AD 142218 
PB 131595 250, 1957, Dee., pp. 90 Type 301 
half-hard and rype 302 annealed stainless, 
and also an SAE 4130 allo teel were 
included, and tested at 400°, 600°, 500°, and 
1 000° F after ageing at test temperature for 
30 min rhe samples were from sheets that 
had been in storage for 3-5 years and this 


long-term ageing had apparentl ) effect 
Fully annealed materials were not affected by 
storage Methods and result are described 


Testing of the Mechanical Properties of 


Constructional Steel. KK. OQuara Bull. Tech 
Unis Istanbul, 1958, 11, 1), 20-44 In 
English Products manufactured at Karabuk 
were examined. ‘Tensile, bend, torsion, shear, 
creep, hardness, wear, impact, and fatigue 
tests were made on bars, nails, profiles, and 
sheets. (14 refs.). 

Some Observations on the Portevin-Le 
Chatelier Phenomenon. K. Tamhankas 
(Tisco, 1958, 5, April, 53 65). Phe author 
reports the results of studies on Armeo iron 
and nickel-chromium (35/10) austenit teel, 
an] shows that there is a definite t iperat 
range (depending on strain rate and grain size 
for the occurrence of the mechani Ti tabili 
ties causing serrations in tensile curves It i 
also shown that serrations in the case o 
Armco iron can be explained t interaction 
between impurit atoms like carbon, nitrogen 
and oxygen, and b dislocation For the 
austenitic steel, the author sugyests that th 
instabilities are probably caused by interaction 
of partial dislocations generated by stacking 


faults with substitutional atoms lke nickel 
(25 references L. E. W 

A Survey of the Structural Properties of 
Some High Strength Sheet Steels. 
Meleon. (N.A.7.0. Advisory Group for Aero 
nautical Research and Development, Report 
101, 1957, April, pp. 25). Heat-treatabk 
steels 420, 422, 422M, AM350, 
17-7PH, Tri-cent, and Thermold J are con 
sidered, with with Ti and Al 
Stress-strain curves im tension and com 
and elev 


stainless 
COTN parisons 


pression at room ated temperatures, 


heat-treatment, corrosion-resistance, and for 
mability are discussed, also fatigue, creep, 
stress-rupture and tear strength data, and 
some notes on welding machining, and 
distortion during heat-treatment are added. 


Tensile and Creep Properties of Tungsten at 


Elevated Temperatures. J. W. Pugh Proe 
A.S.T.M., 1957, 57, 906-916) 
The Static Properties of sa High- 


Strength Steeis. EK. P. Klier, B. B. Muvdi and 
G. Sachs. (Proc. A.S.7.M., 1957, 57, 715-730) 
SAE 4340, V-modified 4330, 98B40, and 
proprietary Hy-Tuf, Crucible UHS~—280, Super 
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'M-2, and Tricent steels were used to ascer- 
tain the effects of strength level, 
composition, load 
section size, and 
notched tensile properties. 

The Effect of Vibrations on the Static Yield 
Strength of a Low-Carbon Steel. G. bk. Nevill 
jun. and F. R. Brotzen. (Proc. A.S.T.M., 
1957, 57, 751-758). In the range 15-80 ke, 
applied vibrations reduce steady stress yield 
in tension and the reduction is proportional to 
amplitude but independent of 
temperature, and pre-strain. A 
is suggested. 

On the Variance of the Bending Strength of 
Quenched Steel Wire. M. Tagaya and Y. 
Soyama. (Osaka Univ. Fac. Eng. Techn. Rep., 
1958, 8, March, 25 129). The observed 
variability appeared to contain a factor other 
than conditions of quenching 


orientation, 
as- processed 
concentration on 


eccentricity, 


stress 


frequency » 
mechanism 


and testing. 
Experiments on Bending Changes with 
Surface Tests on Alpha-Iron Single Crystals 
for the Determination of Resistance to Change 
and Slip-Bands. F. Wever, A. Kochendorfer, 
M. Hempel, and E. Hillenhagen. (Forsch 
Wirts. Nordrhein-Westfalen, 1957, No. 410, 
pp. 100). Phase-contrast and other studies 
of strained, annealed single crystals containing 
0- 006% C to reveal the slip bands are reported. 


The Expenditure of Force and Work as Well 
as the Energy of Bending of Steel Reinforce- 
ment in Relation to Measurement, Shape, and 
Quality of Steels. (Study of Principles of 
Power). G. Garbotz. (Forsch. Wirts. Nord- 
rhein- Westfalen, No. 99, 1955, pp. 122). The 
apparatus described and numerous 
values are given and correlations of change 
with the stress—str: 
investigated. 

Mechanical Behaviour of 
W. W. Webb and W. D. 
1958, 6, July, 462-469). Small crystals 
(whiskers) of materials, including 
Fe,C, were extracted chemically from 2-phase 
alloys, and bend tests were carried out. Fe, 
was isolated from 1-3% C steel, it appeared 
at the boundaries of large primary austenite 
grains and as nbbons of cementite projecting 
from the original boundaries through a mix 
ture of fine pearlite The extracted carbides 
consisted of platelets and ribbons from 1-3. 
thick and ip to 1 mm long The crystals 
showed high strengths, approaching theoretical 
values for perfect that 
small erystals may high 
strengths There that the 
presence of dislocations may have little or no 
effect on the mechanical properties of hard or 
brittle microcrystals, either when isolated or 
while dispersed in an alloy. (27 refs.). 


Melting of Very Pure Iron after the Carbon 
Reduction Process and the Notch-Toughness 
Temperature Curves for this Iron. A. Fischer, 
H Treppschuh and K. H. Kothemann. 
(Forsch. Wirts. Nordrhein- Westfalen, 1957, 
No. 455, pp 25 The iron was reduced in a 
vacuum of 10 *%-10°* mm. Oxide inclusions 
and coercivity measurements were also studied 


A Laminated Specimen for Charpy Impact 
Testing of Sheet Metal. 8S. V. Arnold. (Proc. 
A.S.T.M., 1957, 57, 1273-1281). Blanks 
are cut from the sheet and riveted together 
and the specimen is machined from the 
laminate The data are reproducible and 
variables affecting 
Steel plate and Ti alloy were used. 

Shock-Wave Compressions of Twenty-seven 
Metals. Equations of State of Metals. J. M 
Walsh, M. H. Rice, KR. G. McQueen, and F. L 
Yarger. (Phys. Rev 1957, 108, Oct. 15, 
196-216). Lron is included. 

Comparison of Charpy V, Charpy U, and 
Izod Notched Bar Tests over Transition Tem- 
perature Range. A. W. Johnston. (Metal 
lurgia, 1958, 58, Sept., 129). Investigations 
to compare the results of these three tvpes ot 
test were made on three mild steels and three 
alloy steels. No simple relationship was found 
to apply to all of the steels; the relationship 
between Izod and U-Charpy results proposed 
in B.S. 131 1933 applied or ly to the alloy 
steels, a similar but different relationship 
holding for the mild steels Other results 
are summarized 
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of shape 
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Microcrystals. 
Forgeng. (Acta Met., 


several 


crystals, suggesting 
snerally 


is some evidence 


possess 


sensitive to toughness 
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Twinning in Explosively Loaded Steel. 
Sampooran Singh and Soundrara} 
Appl. Phys., 1958, 29, Jan., 111-112). ¢ Wile, 
ders were machined from 0-37% C, 0-76% 
Mn, 0- 25%, Si steel and loaded with explosive 
and fired. Twinning is shown. 

Testing Unalloyed Steels in the Multiaxially 
Stressed Condition by Means of Internal Pres- 
sure Experiments. W. Kuntze and A. Krisch. 
(Arch. Eisenh., 1958, 29, Sept., 599-602). 

Internal] Pressure Tests at Low Temperatures 
on Tubular Specimens. A. Krisch. (Rev. Mét., 
1958, 55, June, 555-561). The experimental 
conditions and results are described of tests 
at temperatures from 20 to 70° C carried 
out under internal pressure combined with 
longitudinal stress, on tubular specimens of 
two killed basic Bessemer steels. The 
were tested in the annealed and artificially 
aged conditions, and their mechanical proper 
ties and the appearance of the fracture are 
discussed. 

Factors Influencing the Behaviour of Some 
Types of Austenitic and ees Steel During 
Hot Plastic Deformation. b:.‘Terlecki. (Hutnik, 
1957, 24, June, 222 ~~ og [In Polish}. Dif- 
ferent types of fracture, occurring during hot 
plastic deformation of stainless steel, their 
causes and methods for their prevention are 
diseussed. 

On the Changes in Distribution of Hardness 
and Structure Caused by Cold Working of 
Metals and Some Phenomena Related to Them. 
(I). On the Distribution of Hardness and Struc- 
ture Caused by Cold Drawing and Some Con- 
siderations on the Phenomena. I, II. W. Ota. 
(Nippon Kinzoku, 1956, 20, July, 360-363; 
363-367). Hardnesses were measured on 
transverse and oblique sections of Armco iron 
and nickel. The distribution showed distinct 
differences between the surface, intermediate, 
and centre parts. Relationships between the 
change in hardness and the reduction at one 
pass and between hardness distribution and 
internal stress are investigated. (19 references 
The microscopical structures caused by cold 
drawing fall into the same three groups. The 
processes of hardening by drawing, and the 
effect of cold-drawing and subsequent anneal- 
ing on mechanical properties are discussed 
III. On the Distribution of Hardness and Struc- 
ture Caused by Cold-Rolling. 1, 2. (Aug 
417-421; 421-424). (1) For Armco iron and 
Ni, results are given for hardness distribution 
in transverse and oblique 
degrees of working, the effect of skin pass on 
hardness distribution, and the 
between hardness and residual stress. (2) For 
a cold-rolled plate, the relationship between 
hardness distribution and the occurrence of 
cracks at the edge was studied. The 
structure is discussed. The 
through a groove 


steels 


sections for various 


relationship 
9 


suriace 
effects of rolling 
on hardness and structure, 
and of cold-rolling and annealing on mechani 
cal properties, are studied. V. The Effect of 
External Stress Upon the Distribution of Hard- 
ness and Structure and Magnetic Properties. 
VI. [Characteristics} of the Tensile Fracture. 
(Sept., 485-489; 489-492). V. External tensile 
or compressive stresses, within the elastic 
limit, applied to cold-worked Armco iron, 
produced unification of hardness and structure, 
recovery of magnetic properties and 
reduction of residual stress. VI. Under ten 
sion, fracture in Armco rods and plates starts 
with a crack at the centre of the smallest 
section of the neck and — rapidly towards 
the outer surfaces K 

Quantitative Calculation. by Dilatometric 
Curves of the Stages of Deformation in Steel. 
Yu. A. Kocherzhinskii. (Zavods. Lab., 1958, 
(4), 437-439). The method by which the 
quantity of the phase in course of transforma 
tion is determined by the ordinate between 
the extrapolated line characterizing the pure 
thermal change of dimensions of the specimen 
and the actual dilatometric curve does not 
give correct results, since the ordinates 
diminish whilst the quantities of austenite do 
not. The new method suggested takes account 
of the specific volume and length of specimen 
in the a- and y-states and also of the 
specific volume and length of the 
but it also requires the 
proportion of carbides, 


some 


actual 
specimen, 
volume and 
which can only be 


specific 


determined dilatometrically under certain 
specified conditions which are explained.—t. H. 
Changes in Properties of Mild Steel Caused 
by Stress-ageing Treatment. III. On the 
Effects of Pre-working Temperature and 
Cooling Method. JT. Sakurai, T. Kawasaki, 
and H. Izumi (Nippon Kinzoku, 1956, 20, 
June, 300-304 Ihe higher the stress ap plied, 
the more effective the hardening, although 
tensile strength and yield point are hardly 
affected by intensity of stress. Pre-straining 
at 250-500° C before stress-ageing at the same 
temp. increases the hardness and _ static 
strength considerably. The most effective 
way of improving static strength is to heat 
approx. 400°C, to apply a 
produce plastic deformation and to 
cool rapidly under load. IV. On the Influence 
of Pre-Treatments. (Sept., 492-496). Details 
are given of the improvement In various 
mechanical properties of mild steel quenched 
from 700°C and sp nereitined mild steel 
prod. iced by stress-ageing the effects are 
Sa ater than with anne sled’ steel a ae 
Study of the Elevated Temperature Plastic 
Deformation of a Soft-Iron and of a Stable 
Nickel-Iron Austenite. KK. Tamhankar, J. 
Plateau, and C. Crussard. (Rev. Mét., 1958, 
55, Apr., 383-400). The elevated temperature 
mechanical properties and structural modifica- 
tions accompaning deformation been 
studied by means of tensile, torsion, creep, 
and internal friction tests on two single 
steels 


the specimen at 


load to 


have 


phase 
an austenite of very low carbon content 
with 35°, Ni and 10% Cr 
Armco iron Slip and 


cohesion become 


and a decarburized 
intercrystalline de- 
pre ponderant 
equicohesive temperature. This temperature 
was easily determined for the austenitic steel 
but is not apparent with the iron. Interpreta- 
tion of the results obtained with the steel by 
microscopical and X-ray examination made it 
possible to establish the part played by inter- 
crystalline slip, I 


above the 


slip and diffusion of grain 
boundaries, by polygonization and by re- 
crystallization B. G. B. 

Effect of Strain Hardening on the Mechanical 

— of Carbon Steels. I. V. Kudrys itsev 

Naumova, and L. M. Rozenman. 
( hi cae Obra. Met., 1958, (3), 2-6). Large 
plastic deformations (65-120 elongation) 
increase hardness, yield point and U.T.S., and 
ductility is lowered, but only slightly as 
measured by reduction in area. Impact values 
are lowered for some steels at all temperatures 
examined to 600). Impact endurance of 
smooth specimens increases while that of 
notched specimens slightly decreases. On 
heating to 300° C hardness is further increased 
and impact strength lowered. Heating to 
800° eliminates the effects. 

Effect of Technological Factors on the Depth 
of Strain Hardening in Grinding. Yu. 8. 
Terminasov and A. G. Yakhontov. (Metallov. 
Obra. Met., 1958, (5), 40-43). After grinding 
the altered layers were removed electro- 
chemically and microhardness measurements 
were made. X-Ray studies detected 
lattice distortions. The strain hardening was 
found to extend much further than the depth 
of grinding \ simplified scheme of forces is 
examined and 


also 


used to relate grinding con- 
ditions to distortions produced. 

Measurement of Residual Stresses in Alloy 
Steel Forgings. A. Barker and E. H. Hardy. 
(Proc. I.M.E., 1957, 171, (17), 581-596). An 
examination of the trepanning method and of 
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atoms 4 formula lerived 
g quantitative a 


measured values. Other 


from 
mechanism givin rf 


isso0ciate 


ure describes 


Y. Kawai ippon Kinzoku, 1956, 20, Sept., 
514-517; 517-520 In Japanese I The 
diffusion coeff. of sulphur in liquid iron has 


been measured in the range 1560-1670° ¢ 
It and the activation energy are nearly the 
same as for C, Co, and P iniron. The activation 
energy is about one-tenth of the heat 


vaporization. (12 references). IL. The diffusion 


coeff. in liquid iron saturated with carbon has 
been measured in the range 1390-1560° ¢ 
using a tracer technique. Vi 7 ies are lower 
than for carbon-free iron + j 
Radioisotopes in Scientific Research. R. C. 


: xtermann Editor ( Proceedings Ist 
N.E.S.C.O. Internat. Conference, 1957, 
Paria, 1958). High-Intensity Cobalt-60 


Gamma-Ray Source for Studies in Radiation 
Chemistry. A. Kh. Brager, V. A. Belynsky 


L. Karpov, 8S. D. Prokudin and \ Lb. 
+ Pia (I, 122-138) A dose rate ip 
to 1000 r/sec in ae vol of 400 ml or 
100 risec. in 100 | can be provided. 
The Design and Construction of Large 
Gamma Irradiation Facilities. ©. % irra 
Rk. Roberts and D. Dove. (139-150 Shield- 
ing design is discussed. An Investigation 


of Electric Transport in Solid Solutions of 
Metals Using Radioactive Isotopes. |! 
Frantsevich, D. F. Kalinovich, I. 1. Kovenskii 
and B. B. Perkovskii (194-211 Studies wit! 
i. Fe, Cr, “Mo and “*W are described 
and dis¢ d on the donor-acceptor mechan 
iStr The effects on the strength of allo 
to be expected from these 
indicated. §tudy of Grain Boundary Diffusion 
in Metals. \ Borisov, M. Golikov, 


elements are also 


B. Y Lyubov and G. \V Sheherbedinskii 
(212-231 A new method based on kinetic 
behaviour is described and applied to the 
Fe-Si system Quantitative data can | 
obtained from autoradiographi measure 
ment Effect of Metal Composition and 


Structure on Grain Boundary Diffusion. * 
Bokstein, 8. T. Kishkin and L. M. Moroz 


232-248). Experiments on Fe, Ni, Co, Ti, 
r, Cu, Zn, Sn, C and Ni alloys are described 
and it is shown that there is preferential 

diffusion along grain boundaries, the influenc 


of the boundaries decreasing as tempera 


increases Similar effects are observed in 
heterodiffusion both in substitution and in 
interstitial solvents. Small additions of 


various elements such as B greatly change 


diffusion rates The rate of intercrystallite 
diffusion increases with grain size and rate 
along grain boundaries depends on degree of 
ageing as phase precipitation retards diffusion 
along boundaries. The accelerating effect of 
stress and deformation is confirmed. Investi- 


gation into Carbon Atom Mobility and Atomic 
Interaction. P Gruzin ’. Babikova, 
Y.A. Polikarpov and G. B Fed yrov (249-270 
A ast idy of the state of atoms in solid solutions 
Diffu 





is made 
was measured and it 





change is associs 








v "ar 
bon diffusion The rate ‘ } ed by 
alloyir with Si, Ni, Cr or M Diff m in 
Ni is similar In Fe—Ni 25 illoy the struc 
tural factor has no marked effect Carbon 
transfer in Fe under the action of an « trie 
field is indicated The carbon in a cationic 
state in Fe and Ni and the charges are con 
puted for Fe, Ni and some alloys and are shown 
to change by 1 or 2 units depending on alloy 


composition. Application of Radioactive Iso- 
topes in Solving Diffusion Problems in Metal 
I 


Theory. 4. A. Zhukhovitskii, M Yanit 
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skava and A. D. Sot wv (279-301 Ar 1 
I hod i I layer i 
thick laver meth are described 
Studi re le on Ag-Cu and Ag 
té S a tr r t iiff ion | 
nT mobilit ‘Study 


of the Descent ot the Game in the Blast var- 





nace. A. Kohn In French 302-32 

Studies in two furnaces of 4°8 and 5-4 u 

hearth diameter were mad ising \ and 
La ws « i the former ¢g t 

metal and tl latter into the sl Ir 

cases small ir capsules were rted, in 

others or and coke were impregnated, 


the tracers could be inserted in 





lumps The observations were le with a 
ntillation ounter Slag < genera 
quiescent, but internal currents were observed 
in tl iron The descent of the re trans 
formed » Fe and slag toc 4-5 I t the 
ct of an increase in the proportion ‘ ‘ 
8h to appear The fu located 





slightly above the bosch The Use of Radio- 
active Tracers in “the Study of Passive Films 
on Metals. DD. M. Brasher, C. P. De, A 





Kingsbury and A. D Mercer 

Studies with chromate lab d 

are described, the method of | 

being given Film growth in air « 

tion is shown to be logarithmic The 

ments were made on mild steel. An adsorbed 


film is formed immediately 


growth then proceeds, 


on immer 
the rate-controll 








process being most probably electron transfe 
through the film (43 ref A ~ tr Mormon 
Study of the Effect of Surface Capone during 
Wear of Tungsten Carbide. J. und 
G. W. Rowe (343-361 A method prod 
piral tr ks on a flat dise with r 1 
activated carbide i i ad rt he i I 
and inical stat of the surface regulate 
the amount of wear. Source of Non- Metallic 


ito and K 


Inclusions in ont Fagete. r. § 





ind ZrO, containing “Zr were added to tl 
pouring refractories Mild steel, 1 ted 
1 ISOkKVA Heéroult furnace w tap j 

ged ladle dam ngot bta j 
All netallies ! t im, sla ‘ 
‘ ted weighed und yunted Wi 
I 7 stopper nad f ( r rtar uM 
t { nad ti ired ] 4 
Y°Y g of tl led parts wer led 
6-04 being tra rted into the ing ! 
52-3 floated a n and 47-7 pas ] 
into tl ingot tion of lat it 
total inclusions a Nf Wi 
all refractori et 
sions of refractor rigin amounted to &: 47 f 
the total Iners se of temperature imere ed 
erosion with larger ' f ng a 
scum. On the Structure and weer Resist ance of 


Case-Hardened Steel. L. S. Palatni I. M 
ibarskii and A. P. Lyubchenko. (375-387 


Wear-resistance is referred to fine-structure 








in t neral sense I le . 
dif the 1se-hardenir pro t} 
is to Da diffusion tal 
atoms to the irface givir ul ner ! 
va il { ne ntrat I I t} ita lat 
Phe hard d er IS KNVA 
vas sl vn te nta vo ati I 
rbid Fe, Cr, W).C formed on hardeniy 
and I CY W ( for | 
Rate of reatly affects e st t 
Rapid I d ur-t nt 
t tu ‘ ta ! ip to 90 i 
1ustenite tl lat € whicl der 
parat I inifor microdef " , th 
practic no bre into 1 i t 
Slow ng is to lerable | | 
tl ativel ] slloved a 
i to non-uniforn I leformatior 
th lattic Ordina method f heat 
treatment cannot correct th br flown 
rh structur i forms after a n ri ! 
f wear I austenit tructure I 
mechanism of formation of the wear-resistant 


structure is examined. An Assessment Trial 
of Quality of Refractory Materials Used in a 
Casting Pit and the Distribution of Non- 
Metallic Inclusions in Steel by Means of Radio- 
active Tracers. Z. Bojarski, W. Orzeszko, 
S. Pawlowski, R. Wusatowski and Z. Ziol 

ski (388-409). Activated Fe,0, 


was intro 





duced into ec asting-pit refractories in fireclay. 
Inyots 


and blooms were examined by auto 

















radiographic and counting methods after 
i from bricks of refractoriness 1510°, 
1690 und) =1750° ( It was found that 
ndey lent of tt kind of reir actory used 
in mould and hot-top, the inclusions were 
f iinly in the body of the ingot. Runner 
bricks of west refractoriness gave the most 
uiform distribution and the 
radiation intensity The bric! 
retract nes gave the poorest 
pattern of distribution shows a p ants iin 
the | i with a shape imilar to that of solidi 
ition isotl s In the butt another 
shorter paraboloid with its vertex upwards 
wa bserved Fractures of blooms showed 
that inclusio ire I t distributed in a 
p to 7 mm belov surface, the depth 
rea t vards top of the ingot 
statistical control deep-drawn products 
confirt the tindu Measurement of the 


Relative Mobility of Cations in Mixtures of 
Oxide Melts. V. 1. Malkin and L. A. Shvarts 


man 559-548) Transference numbers 

ions in I x ture reser nbling molten 

were 1 red Thermodynamic Studies of 

Metallur gical Reactions. |! \. Shvartsman 
Og—t Distribution equilibria of ele 

en lite cnn iiten iron and deter 


mination of their thermodynamic activities 


have been examined The elements P, 8, 
Cr, W and Mo were transferred from iron to 
slays ynd th thermod ynamk functions 
determined Partial pressures of the vapours 
{ refract il an and components of 
elts 1iso measured and the properties 


f solutions of S, P, Cr and Siiniron. A simple 
A and used 1 r the mea 
t i the activ ot Ss in cast iron 


Microdetermination of Gaston in Iron Irradi- 


metnod was develope 


ated with Protons. J. J. Point 180 
Iso In Frene a rh reaction 12 Ps) N 
was studied and the effects impurities were 
examined Tt thod is highl spec 


Study of Niobium. ‘ond Tantalum Complexes 
for Solvent- —— Separations. Ek. Brun 





nx and J Irvine, jun. (II, 232-242 
Suitable s Bnd are given such as nitro 
benzel ul | acetate and bis—2—chlorwe y 
r with 5:7-dichlor 8-h droxyquinoline 
ilso systems for cl é itions Electron- 
Exchange Renstions ot Fe I Fe III) and 
Co II)-Co( II Complenes. K Jainton, 


S. Laurence, Ss ‘hneider 
end Mi steaks (05-325 

The Significance of the oe in Iron 
Teg Adoys. G. Pupk ni J. Bunge 


‘Dp. R 


Str Hee ie 


7 , 1958, 49, Dee. , 626-629 
The ynificance of the Sa effect (the difference 
in the therma Kpansion coef nt aofFe-Ni 
Invar loys after cold rolling, parallel and 
pert i ar t th tirectior rolling 

ur ed in tl ght surements of the 
relation the a e between the direction 
of rolling ind ti 100} direction The 


explanatior ren i ed rt rang 
orderir of Ni and Fe ator 


= _ Specific Heats of Iron and Nickel. 


( t I / 195s, 29, 
X OSD Ss rx nta obtained 
l for tl t | hea f pure 
ror a | , have been checked 
1 nst a t derived curve for the 
t perature range from OU to the Curie 
int 
High-Temperature Metallurgy Today. L.1 
Jahr ind R G. Fran Ve Prog., 
1958, 74, Dec., 86-91 Alloys roved 
t other 


i-temperature tre 





, ert t I to grouy f and 
C \ y The addition of Ni to iron 
alle ad the veiopment ot austenitic 
rec t ! lenin ioys ranging tron 
\-2s " ~ Ni, to alloys such 
1s René 41 with about 55°,Ni The latter 
s str thened | a dispersed second phase 
consistit of a lid solution of Ni,Al and 
Niel } 1 hanism of strengthening is 
lescril j I 


Method for Reduction of High Temperature 
Data in Terms of a Theory of Deformation, 
and Addendum. K. F. A. Walles. TIDt 
5700, List 970, pp. 51). Proced for the 
wnalysis of creep curves, creep rupture data 


ires 
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and hot fatigue data including rapid graphical 


methods. Extensive sets of data can be 
analysed in a very short time and detailed 
studies for a range of materials are made 


practicable. 
Microvariations in the Deformation of 


metals during High-Temperature Heating. 
M. G. Lozinskii, M. B. Guterman and FE. 1. 


yo a ig (Metall. Obra. Met., 1958, (6), 
6-9). Direct observation of sections at 
temperatures up to 1100° C were made under 
tension in vacuo. Diamond pyramid inden 


tations were made at spacings of 0-05-0- 1mm 
The changes in the len the diayonals 
were measured and the kinetics of deformation 
are 


gths of 


discussed. 


Nickel Steels for Low pe gr gs Service. 
Ek. T. Gill. (Met. Jtal., 1958, 50, Dee., 5! 
528) A review is given of work on low-tem 
perature steels and the reasons for the growing 
interest in these steels The 





are discussed 


effects of low temperature on the mechanical 
characteristics of steels are studied as well as 
the effects of individual alloying elements on 
their behaviour Properties imparted by 
heat treatment and mechanical working 
are also studied with particular reference to 
steels containing 3°5% and 9°,Ni. The 
properties of austenitic cast steels are dis 


cussed RRs Be 
Investigations into the Electrolytic Transfer 


of Carbon, Chromium, and Nickel in Austenitic 
Chromium Nickel Steel. F. Erdmann-Jes- 





nitzer and P. Hamme irch. Eisenhiitt 
1958, 29, Nov 699-707 Results are re 
ported of experiments on the transfer | 

electrolysis of C, Cr and Ni in Cr—-Ni steel 
wire in the solid phase The migration of 


earbon in austenitic Cr-Ni steel has been 
recorded in polished sections and by micro 
hardness determinations, that of Cr and Ni 


has also been demonstrated by spectroanalysis, 
The experiments failed to demonstrate 
lectrolytic transfer of Cr and Niin y-F¢ 

The Influence of Ultrasonics on the Diffusion 
Processes of Steels and Alloys at Elevated 
Temperatures. G Pogodin-Aleksees 
(Metall. Obra. Met., 1958, (6), 14-17 Car 
burization in Armeo iron was studied, 


also 


in steel I2ZKhHN3A Ageing and surface 
saturation were accelerated The apparatus 
used was a magnetostriction transducer of 
up the 5 kVA with a frequency of 21-5 ke se« 
cooled in running water connected by a steel 
wave-guide to the electric furnace 

Effect of Te and B on Low-Alloy Cast Steel. 
T. Yamashita Tetsu to Haqane 1958, q 
Mar., 338-340). The effects of metallic Tr 


and Fe-B (analyses given) on the physical 
properties, austenitic grain size and non 
metallic inclusions, are given for seven Mo Mn 


and eleven Cr-Mo-Mn steels K.E. J 

An Investigation Into the Effect on the 
Nitrogen-Liquid Iron Solution Equilibria of 
Additional Elements. H. Schenck, M. G 


Frohberg and H. Graf irch. Eisenhiitt., 
1958, 29, Nov., 673.6 The melts were pre 

pared in magnesite crucibles placed in a 
Tammann furnace at 1550°, 1600°,) and 
1650° C and a nitrogen pressure of 1 atn 

Sb, As, Co, Cu, Ni, O, S, and Sn were found 
to displace nitrogen from the iron solution 
and to increase its activity: Mo had the oppo 


site effect I y. 1 
Effect of Zirconium on Austenite Grain Size 


in Iron and Steel. K. Mizukawa Tetsu to 
Hagane, 1958, 44, Mar., 426-428). Details 
are given of the variation of austenitic grain 
size with zirconium content of tron melted 


both in vacuum and unde 
heating temp. for various zirconium contents 


Effect of V on 2°,C-12°,Cr Die Steel 


r nitrogen, and with 


SDK1). Y Matsunaga. Tetsu to Haqane, 
1958, 44, Mar., 409-411) Tests were made 


on plain SDK 1 steel (analysis given) and the 
containing 0-54 and 1-05°,\ Results 
given for hardness and temperature be 

and the effect of tempering temp 
rth-deformation ratio and on toughness. 

Effect of Various Elements on the Properties 
of High-Nitrogen 19 Cr 8 Ni Valve Steel. 
M. Kitahara. (7° Hagane, 1958, 44, 
Mar., 437-439). The studied are 
C, Ni, Cu and others. given of the 


same 
are 
haviour, 
on le ny 


tsu to 
elements 
Details are 
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mechanical prope rties at room 

high temp. (up to 750° ¢ kK 
The Influence of Various Stemunts on the 

Properties of 20°.Cr 9°.,Ni Heat-Resisting 


hemes and 


Steel. K. Kusaka (Tetsu to Hagane, 1958, 
44, Mar., 433-435 The elements studied 
are ©, Ni, V, Ti and others Changes of 
hardness in ageing are described and the 
effects of alloying elements on rupture strength 


shown K. E J. 
Influence of Various Elements on Properties 


are 


of §-816 Alloy. Kk Kusaka. (Tetsu to 
Hagane, 1958, 44, Mar., 435-437) The ele 
ments studied are C, Si, Co and others, as 
well as La Ce (Lan Cer Amp) additions 
Changes are described, and the effects of 
alloying elements on rupture strength are 
shown Kx. B.d. 

Mechanical Properties of 18 8 Type Stainless 
Steel Wire. I. Effect of Ni Content. | 


Watanabe and J. Saga (Nippon Kinzoku, 


1957, ai, Oct., 583-587) For two steel wires 
(analyses given) results are given for phase 
acre, “eset om with varying degrees of 


reduction, 
with rate of drawing, 
after cold working, and effects of 
on physical properties 12 references). II. 
Effect of C Content. (602-606) Empirical 


equations are given tor re lationships between 


variations of physical properties 


hardening by annealing 


annealing 


the hardness, tensile strength and yield point 
of the cold-drawn and annealed and drawn 
wire. For cold-drawn wires, the proportional 


limit is low and independent of reduction of 


area (20-90%) and carbon content (0-03 
0-08 ; it is increased by annealing after 
drawing. For stainless-steel wire, cold-drawn 
and annealed, the proportional limit is inde 
pendent of the same parameters K. E. J 


The Conception of Oligo-elements, Particu- 


larly in Metallurgy. A. Portevin. (Génie 
Civil, 1959, 186, Jan. 1, 9-13). \ general 
account of trace elements the essential 
trace element of physiology for examplk 
which the author endeavours to extend to 
those producing effects in very small quantities 
in metals and alloys uBR, CO, BP 8 
and Cu are regarded as oligo-elements in 
steel Crystallographic and similar ‘ffects 
are referred to 

“9 Strength Low Alloy Steel. (4./.S./ 
Steel “Wl. Manual, 1958, Dee pp. 57 

A ‘Study on Austenitic Heat-Resisting 
Steels. I. R. Nakagawa (Tetsu to Hagqane, 
1058, 44, Mar., 442-443). Particulars are given 
of hardness changes in ageing treatments, 
and of creep-rupture properties as ree to 


temp. of solution treatment h 


Weldable Constructional Steels of ‘the Type 





St. 52. Balsay (Koh. Lapok, 1958, 18, 
July, 326-333 In this second part of the 
paper the author discusses the influence 

various alloying elements, as well as the effect 
of microstructure and material thickness, or 
the mechanical properties and weldabilit 


of constructional steels. Bainite is 


advanta 


especiall 


geous for increasing the rate ot 
change of vield point with tensile strength 
The price of alloving elements is also con 
sidered. The author asserts that the Voll 
macher formula: U.T.S. kg.p.sq.mm 25 
Loo 1 LO(SiL? 0 20) 15.(Un 
0-60) Loo... P 0-020 DD, can be satis 
factorily used for getting the tensile strength 
of these steels He also gives some new data 
for the constant D; this factor shows tl 
effect of thickness. The author supplement 
the above formula by the term: 20(Cu 
0-20 For a high strength weldable steel of 
U.T.S.33-40 tin? and Y.P.21 t in’, the 
suggested maximum limits of chemical com 
position are: C 0-20%, Mn 1-3 Si 0-55 
Cr 0-15%, lu 00-45%, S 0-04° P 0-04 
Chromium-Aluminium Steels. Properties 
and Applications. erzog. Corros. et 
Anticorros 1958, 6, April, 117-126 Th 
author gives an historical survey of corrosion 
testing of steels in aqueous media He then 
discusses the main characteristics of Cr-Al 






steels, particularly from the point of view of 
corrosion resistance in nitrate so 
in H,S R. P. 

A Study on Titanium Steel. H. Hirano. 
(Tetsu to Hagane, 1958, 44, Mar., 407-409 


DTD 166-Type Austenitic Chromium- Nickel 


lutions and 


19] 





Sheet Steel: A Summary of Properties. 
11 DU 6005, pp. 22, List. 971 A stabilized 
1S Cr 7 Ni steel is discussed, giving mechanical 
properties as received, aiter dulus re 
covery,’ heat-treatment, and also describing 


welding and forming 
Study of Leaded Free-cutting Steels. Study 
of Characteristics of Leaded Case-hardening 


roperties 


Alloy Steel. T. Araki Teteu to Haagane 
1958, 44, Mar., 368-370 Comparisons are 
made between SCM 22 steel with and without 
added lead (0-11°,), in respect of mechanical 
properties, Charpy impact values for cemented 
and non-cemented specimens, and ervice 
behaviour K. I J 

Heat-Resisting Steels and Alloys. lciers 
Fins Spee 1958, lec., 24-28 Various Cr 
steels are briefly reviewed with thetr creep 


properties ¢ id refractorine 
Survey of Work on) Ball-Bearing Steels. 
Te 





u to Hagane, 1958, , Apr., 493 

504 A review, with 87 references K. I 

High Speed Steel. Development of a New 
Type with 5 and 5°,V. P. Kévesi 
Tron Steel, 1958, 31, Nov., 529-532 Follow 
ing the modern tendency to reduce W content 
in high-speed steels, a 5°,,W, 5°.V steel has 
been dev ped by B.L.S.R.A rhe hardness 
properties of the teel seem to suggest that 
it could replac the usual 12-18 W steels for 
many purposes 

METALLOGRAPHY 

Investigation of Metal Structures at High 
and Low Temperatures. |’. kt L. Bezdék, 
K. Ciha, D. Ruazi¢ka and J. Skarel icta 
Technica, 1958, 3, (1), 58-83 5 
The underlying principles f hi 
temperature microscopy ar ithin 

quipment availabl reviewed, " 
refereme to tl apparatu ie oped | 
Bezdék and R iéka Structural invest ‘ 
tions carried out th th ipment ure 
described, II. This section gives the results 
ot the te tructural investigation usin 
high and low-temperature microscop Par 
ticular reference is made to the se f thermal 
etching of steel and cast iron specimens 37 
reteren 

Ores ‘and Their Examination under the 
Polarizing Miesonnegs. H W Walther 
Kcho Mi 959, Jan., 35-38 An account 
of polarization microscopy is apphed to 
opaque pecimens for th dentification of 
constitutents is given 

Rapid Method of Preparation of Surfaces 
for Metallographic Examination by Local 
Electrolytic Polishing. PB. A. Jacquet. (*Note 
Technique O.N.E.R.A., No. 40, 1957 Tampon 


polishing vr suriace preparation for replica 

casting 18 leserit ! Nut I examy 

ire vi ' ind = th micr tructur n n 

one stainless steel etion is i ided 
Electrolytic Polishing of ‘ae and Low 


Alloy Steels in Molten Salts. The Austenitic 


Structure and Grain. Z. Wojcil Met 
Corr. Ind., 1958, 38, Feb., 53-70 The 
ethod nables the rustenith tructure to 
be ' ed oon t ~ 1 which it u il! 
xist t ! h temperature Two 
I i re d bed and result scussed 
G i growth and related phen ena as well 

ul ints t ructur inte iret ‘dealt 
wit s() referel i 


‘The Influence of the Etching Process on 
Structure Reproduction in the  Wiectzen Micro- 


graph. Schrader ire enh. 1958, 
99, Dec., 793-797 \ecelerated removal of 
ferrite or austenit takes ¥ f n the neigh 
bourhood of carbide inclusions in the early 
tag f tehin th HNO or pier 
a i, though this accelerated action dis 
appear later im the i | The 
effects of this lective action on the repro 
ducibility of th tructure as shown in relief 
nd traction replicas at resy tively dis 
‘ ‘ 


A New Oxidising Method for Revealing 
Austenitic Grains. Imai and H. Hirotani 


(Tetsu to Hagane, 1958, 44, Apr., 480-482 
When the specimen is exposed to air at high 
temp. for a few seconds, the grain boundary 


is preferentially oxidized, and on dipping into 
molten borax the oxide 


dissolves away and 
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and special 
reliability of 


Tests on carbon 
and 


leave aa groove 
ateels show the sim ps ity 
the techmique K 
Electropolishing oon Electrolytic Etching of 
Microsections of Iron Copper Powder Com- 
pacts. ©. k ag and Ek. T. Kachkov 
skaya Zavods, Lab., 1958, 24, (1), 57-60). 
leseribed and operation using 
suitable current densities for 
phase given. The 


Apparatus 1s 
{,PO,-CrO,, and 
one and two 
vealed ar shown 

The Preparation of Shadowed Plastic Repli- 
cas. 5S. | a and D. M. Teague ( Pro 
[3.7 .2M.. , 87, 527 Cr shadowing 
is Une d 

The Two-Stage Preshadowed Carbon Positive 
Replica Method for Electron Metallography. 
R. L. Seott and N lurkalo Proce. 
1.8.7.M., 1957, 87, 536 Methods for 


urfaces of different deg smoothness 


systems are 
structures re 


535) 


553 
rees of 
ire piven 

Non-Destructive Techniques for Macro- and 
Micrographic Surface Examination of Metallic 
Specimens (Electrolytic Local Polishing and 
Replica Technique). VP Jacquet. (Proc 
1S.7.M., 1957, 67, 1290-1303 Che Replic 
lacquer process is deseribed and recom 

nded 

Improvements and New Applications of the 


Technique of Non-Destructive Metallographic 
Denatnetion. \. Jacquet (Rev. Meét., 
1058, 55, ! 531 553 \ _ hnique pre 
iousl ——— 1 (ibid. 1957, 54, 107) in which 


local HS es et 
preparation of replicas was used for 


t illographic 


a combination of 
and the 
non-destructive me 
has been unproved, 
increased Det 


polishing 


examination 
and its range of application 
ails of these improvements and 
new applications are 

Electron Microstructure of Bainite, Pearlite, 
and Tempered Martensite in AISI 4140 Steel. 


Proc, A '.M., 1957, 57, 475-520). A large 


riven 


series of excellent micrographs is shown. The 
preparation of the specimens 1s described. 
teplicas were made tor the electron micro 


scope 

Evaluation of the Quality of Boron Steels, in 
Particular by a Micrographic Method. P.-A 
Jacquet and KR. Capelle. (Rev. Mét., 1957, 
54, Nov., 855 As ordinary micrographic 
reag differences the 
hardened the 
omposition, with or without boron 
table for the 


paper describes a success 


Sob 


ents reveal no between 


mucro-constituents of steels of 


same basic « 
uidition, a te 
was sought, and the 
ful method based on reagents proposed by 
Bechet and Beaujard . 52, 830) 

X-Ray enemies Study of Tempered 
Martensitic Carbides Prepared by Quenching 


chnique sui 


purpose 


Pure Iron Carbon wee. F. Marion and R 
Faivre Re Vit., 1958, 55, May, 459-469). 
fesults show that the carbides formed by 


garded as a contimuous 
ompounds. Their 


from that of cementite 


temperng may be re 


on-stoichiometric « 


eres 


structure is derived 


by the subtraction of carbon atoms and is 
yiven as Fe, (( \ where ( ignifies a 
arbon vacan¢ ind lies between 0-29 and 
0-00 4 
Study of Iron Carbides by Electron Diffrac- 
tion. I. 8S. Oketani and 8. Nagakura. (Nippon 
Kinzoku, 1956, 20, Aug., 460-465 rhe * iron 
powder ' technique is described for producing 
hexagonal «-carbide, Hage y-carbide, and 
artoicte cementite by passing ©QO or 
CO H,) atmospheres over vacuum-deposited 
iron films covered with reduced iron powder 
Various parameters of the carbides § are 


Gesorsbed, and =~—sothe allotropu ¢-—> <> 
insition is discussed. II. Phase Transition 
of the Carbides. S. Nagakura 465-468). 
fhe transtormation «— - @ 18 Irreversible 
The transition « x takes place at 380-400 ©, 
and that of > it approx. 550° ¢ The 
arbid changes to tron and carbon with 
prolonged heating above 550 ¢ The 380° ¢ 
irie point of «-carbide (Hofer et al.) is the 
transition tery c. 8.2 


Quantitative Metallographic Determination 
of Alpha Phase in Austenitic Weld Metal. A. D 
Kuznetsova-Sadovnikova. (Svarochnoe Prov 
vodstvo, 1958, Jan., (1), 34-36) An etching 
is described for quantitative 
the dendritic 
structure and its junction with 


process 1-phase 
weld-metal 


metal, 


studies. lo reveal 


parent 
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electrol ytie 

mended 
Investigations on the Course of Deoxidation 

on the Formation of Inclusions in Steels. 


etching m chromic acid is recom 


(Forsch. Wirts. Nordrhein- Westfalen, No. 49, 
1953, pp. 45). Factors in the composition and 
size of inclusions in steels treated with Mn, 
Si, and Al are examined 


The Occurrence of a Cubic Nitride in Alu- 


minium-alloyed Steels. F. Wever, W. Koch, 
C. Ilschner-Gensch, and H. Rohde. (Forsch 
W irte Nordrhein- Westfalen, 1957, No 409, 
pp.26). A low-carbon steel with 0-005-0-75° ,Al 
nitrided in NH, at 600°C and heated in a 
stream of NH, at 1000° for 48 h contained 


a new nitride including Cr 
and 1-3%Cr or 1-2%Cr 
similarly nitrided also 
constituent. 

Study on Carbides in Iron and Steel by 
Electrolytic Isolation. V. Effect of Various 
Elements on Curie Point of Cementite. T. Sato 
and T. Nishizawa (Nippon Kinzoku, 1956, 
20, June, 340-344) The Curie point of 
austenite is lowered according to the formula 
A, 215 pM, in deg C, where M is the 
vonen. of the third element; values of p are 
given for Co, Ni, Cr, Mo, W, Mn, and V. From 
the lowering of the Curie point, it is concluded 


A steel with 1°, Al 
and 0- 19°, Mo 


contained the e¢ ubic 


that solubilities in cementite at 700°C are 
Mo 1-8%, W 1-3%, V 0 6%, and Ti 0-1°% 
Si, Al, S, and P slightly lower the Curie point, 


solubility in cementite 

The Metallurgical Control of Slag Inclusions 
and Carbide Segregations in Bearing Steel. 
K. Felleht and R. Barz. (Neue Hiitte, 1958, 
3, June, 341-350). The effects of operating 
conditions in the manufacture of roller bearing 


suggesting some 


steels 100 Cr 6 and 100 Cr Mn 6 on the inci- 
dence of slag inclusions and carbide segrega 
tion were examined. In the case of carbide 


segregation, rolling mill practice was found to 
exert the greatest influence. The effects of 
heat treatment on segregation are discussed 

Contribution to the Study of the Influence of 
the Process of Manufacture on the Nature and 
Contents of Non-Metallic Inclusions Present in 
Steel. S. Dasealu. (Studii si Cercetari de 
Metalurgie, 1958, 3, (1), 39—52). [In 2u 
manian The physico-chemical factors which 
the type and amount of the non 
metallic inclusions present in steel as a result 
of the process of manufacture 
studied on 25 heats of killed 
O.H. furnaces. Speed of decarburization, 
length of boil, and the amount and order of 
addition of deoxidants are the 
factors investigated 

Investigations on the Isolation of Grain 
Boundary Constituents and Inclusions in Steels 
by the Thin Section Method. H. Schenck, E. 
Schmidtmann, and H. Miller. (Arch. Eisenh., 
1958, 29, Aug., 479-484 Experiments are 
dese riber iin which the effect of a decarburizing 
anneal under moist hydrogen on the isolated 
constituents of unalloyed iron was investigated, 
the iron samples containing varying amounts 
of carbon. It luded that the results 
falsified decarburization of the 
sections the isolation treatment 
made, separating the 
solution in 


influence 


have been 


steel made in 








> 


amongst 


was conc 
due to 
before 
trials were 


were 
thin 
Other 
metal by 
alcohol 


was a 


base 
ehlorination or iodine 
Results were inec 


grain 


as in no 
network 


ynclusive, 


coherent boundary 


obtained 


The Potentiostat in ioiegneghey. V. Cihal, 
M. Prazak, and M. Holink: (Hutn. Listy, 
1958, 18, (6), 496-502) te ssearches on the 


identification of phases occurring in 18 8 steels 
bv etching electrolytically at 


tials maintamed at constant 


various poten 


levels by means 


of a potentiostat are described Conditions 
for etching ferrite, austenite, austenite grain 
boundaries, martensite, and sigma-phase are 
given, and the results are compared with 
similar data given by Edeleanu. 7 7 #.T.. 
1957, 185, 482-488) P. ¥. 


Quantitative Study of Dendritic Hetero- 
geneity in Iron Alloys. ©. de Beaulieu and J. 


Philibert. (Compt. Rend., 1958, 246, June 30, 
3615-3618) The variation in composition 
from dendrite ores to the interdendritic space 
is determined autoradiographically and by 


Heteroger 
Mo, As. 


point microanal yses increases 


in the order Mn, Cr, 


1e1ty 


Contribution to the Study of the Banded 
Structures in Forged Steel. 


Roques, ¢ 


Dubois, and P. Bastien Re Wét., 1957, 
54, Nov., 821-839) The principal charac 
teristics of banded structures of steel are 
reviewed, and the influence of P is discussed 


Microsevreyation appears to play a predomi 





nant part, and the results the need for 
examining the effect of I ities vd 
alloving constituents, as | 4 that of | 
Using mainly dilatometri methods, th 
influence of P or grain z nd o ans 
formation temperatures was examined 15 


rets.). 

Researches on the Fibre Structure of Alloys 
and Solid Solutions and its Removal by Strain- 
Tempering Treatment. JT. Sano, J 


Satake, 


and T. Otani. (Nippon Kinzoku, 1956, 20, 
Aug., 413-417 Results are given f 40.6 
and 0:8°.C steels Cold-rolled sy ens 
show heterogeneous microscope structures, 


accom panving fibre structures, which ci 
defects 
structures and 


leads to an 


Strain-tempering can remove 


produce homogenizing; this 


improvement in mer 





e attribute 


properties bevond what can 
the heat-treatment cg. 2 J 
Formation of the Goss Texture in Silicon 


Iron. K. Detert Vetall, 1958, 12, Sept., 
817-821). The author reviews published work 
on the processes that contribute to the forma 


tion of the Goss texture in silicon iron. Cold 


working forms a matrix in which g 





rain 





Goss orientation grow preferential rok 
of alloying additions in promoting selective 
growth of grains with Goss orientation by 


secondary recryste allization is mentioned 
Structural Modifications of a Stainless 10°, 
Nickel Steel Deformed between 200 and 
800° C. B. Jaoul. (Rev. Nickel, 1957, 23, 
The properties and structure of 
stainless steel containing 10°,Ni 
both below and above room temperatures are 
examined. 
Thermodynamics of 


(4), 91-97). 


austenitic 


Iron Carbon Melts. 


E. T. Turkdogan and C. RK. Masson (Acta 
Met., 1958, 6, July, 519-520). A letter. The 
results obtained by the authors on the activity 
of C in Fe-—-C alloys (1956, 4, 396-406) have 
been criticised by Cordier (1957, 5, 336 337 


on the grounds that certain secondary reactions 
would lead to experimental c¢ 
CH, which were too high It 


meentrat 


is pointed out 


that water-vapour pressure was maintained 
in the experiments at a level sufficient to 
suppress the formation of excess CH,, with 


the possible exception of those carried out at 

1500° ¢ Relevant data are discussed 
Studies of the Stringer-Like Structures in 

Plain and Alloy Structural ee. E. Plockinge 





and A. Randak. (Stahl Fi 1958, 78,. 24, 
1041-1058). Thea ans ten ribe experi: its 
on the causes of structural variations in plait 
and alloy steels in the as ondition and 
after hot working. Theoret: mnsiderations 
on the ervystallization inv segregation 
caused by diffusion rates and phase separation 
are included. The difference in the phenomena 
»bserved in plain and al steels x plained 
and the particulier role pla i | carbon 








elucidated The effect of hot-wor nn 
carbon separation is discussed raghnoe 
of the various alloying elen its scribed 


The Effect of Nickel, Copper, he Manganese 
on the Spheroidisation of Cementite in Ball- 
Bearing — R. Stefee and F. Lal 


id wbonek 
Hutn. Listy, 1958, 18, (5), 407—412 \ study 
of the effe tof the variation of th content of 
alloying elements in __ ball-bearing steels 
(1-04°.C) showed that (1) irrespective of the 
method of annealing used, nickel and copper 
up to 0 64 and 0-65 respectivel re equiva 
lent and their effect additive, after annealing 


(2) With an increasing amount of Cu Ni 





up to 1-14°, total, the Ae and Ar points are 
continuously lowered, and the hardness 
increases in the furnace cooled and normalized 
states if the manganese content lies within 
0-21-0-44°%, 3) Up to 1-14°,Ni Cu an 
increase in the jot nickel and copper content 
leads to a slight gradual increase in the amount 


of lamellar pearlite after annealing, provided 
this takes place below Ac +) A low manga 
nese content is 


the 


even tess favourabl than 


increasing joint Ni Cu content up to 
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1-14 in its effect of opposing the complete alloy composition and grain size. The present however a very small amount (0: 000°, for an 
ie spheroidization of the cementite. (5) If the article does not confirm the previous hypo iron with 2-63°.C and 1-48°.S8:) will change 
langanese content is around 0-04°,), aecept thesis of Russian workers regarding variations grey iron to white his effect can prevent 
ble structures are obtained only if the in tensile strength in relation to the marten nottling in heavier mall le castings. Plot 
Ni + Cu content lies below 0-9°%,, and if a site/austenite ratioin medium and high-carbon ting carbon equivalent (( ASi and ¢ 
two-stage sub-critical annealing process is steels R. 8. 2-85 log Si) against Bi gives 2 diagrams 
‘ ised. The various annealing processes used Influence of Induction-Heating Parameters Unless the equivalent is lower than a critical 
ind their respective advantages and disad- on Austenite Grain Size in Nickel Steel. |. N value depending on casting thickness and so 
vantages are discussed in detail.—p. F. Kidin (Metallov. Obrabotka Met., 1957, (9), m cooling rate Bi cannot convert grey iron 
Morphology of the Brittle Phase Formed in 36-42). After discussing induction heating in to white ( {Si 3-64 ia the critical 
Resistance-Welding of Low-Carbon Steels. relation to phase transformations and alloying carbon equivalent of mottled iron. Bi stabilizes 
D. Hrivnak and I. Hrividk. (Hutn. Listy, elements, the author gives results of observa carbide during solidification but during the 
1958, 18, (6), 512-517) {In Slovak An tions of grain size in a series of induction eutectoid transformation it probably acts as a 
electron micrographic study disclosed two heated steels with 0-2-1-1°.C, 0-41-0-64° weak graphitizer 
brittle phases, one apparently amorphous, Mn, 0-16-0-33°,8i, 0-013-0-023°,P, 0-012 Mechanism of the Effect of Low Temperature 
the other probably martensitic. The micro 0-027%)8, and about 1, 2-5, 5, and 10°,Ni Treatment of White Cast Iron on the Number 
yraphs, and the possible nature of the phases The influence of the induction heating factors of Graphitization Nuclei with Subsequent 
are discussed; the observations do not, how- on the austenite grain sizes was found to be Annealing. ‘:. 1. Ivantsoy Vetall. Obrabotka 
ver, permit a a without the same for all cases. With constant heating Met., 1957, (4), 9-16) The localization of 
vdiditional studies rate increasing heating temperature leads to graphite nucl in the structure of white cast 
Sigma Phase in roc EI 448 Steel. grain-size increase; with constant temperature, iron and the effect of low temperature treat 
Kk. 1. Uryupina and A. F. Likina. (Metallov. increased heating rate leads to smaller grains ment on graphite nucleation in * as cast’ and 
Obr 1 1958, (6), 37-41 rhe steel con- Grain growth was more rapid in nickel- than in as quenched white iron 8 discussed 
tal ‘*, 1-099. Mn, 0-73°,S8i, 16-589 Cr, chromium-steels under similar conditions Nucleation of graphite when holding above 
il 62°,Ti, and 1-75°%,Mo, quenched Observations of Austenite Structure of Car- and below eutectoid temperatures after rapid 
I ‘and aged 10-6000 h at 575° or bon Steels Containing Different Amounts of heating is reviewed. —R. + 
SOO” Sigma phase was isolated electro Aluminium by the High Temperature Metal Study on Graphitic Steel. II. Effect of W, 
lvtically and the residues examined by X-rays. Microscope. 8S. Hasebe. (Sumi. Met., 1957 Mo, Cr, and Ni on Graphitization of Graphitic 
phase was also detected by etching with 9, Oct., 207-215). [In Japanese Results are — r. Sato and 8. Toya. (Nippon Kinzoku, 
various reagents and the specimens were tested given showing heat-etching austenite struc 1956, 20, May 3 Studies were made 
for resistance to intergranular corrosion in tures of high-and low-carbon steels containing on standard steels containing 1-5°.C and 
CuSO, solution with subsequent bending. It varying Al contents at 900°, L000°, and L100 1-0-1-5° Si, with other elements added. W, 
is formed after relatively short periods and C, and the effect of this structure on growth Mo, and Cr improved forgeability, while Ni 
increases with ageing time. It is not detected processes. The heat-etching structure has a had a deleterious effect The graphitization 
by magnetic analysis even at 800° C and must smaller grain size than the cementite and was retarded slight! by W and Mo and 
be formed directly from austenite. It de- ferrite nets, but the heat-etching surface has strongly by Cr, and accelerated by Ni. The 
creases impact strength and reduction of area some characteristics of grain boundaries optimum amounts of special elements (added 
values but does not shorten time to rupture Relation of the Orientation of an Unstable = separately) are 2-5°,W, 1-5%,Mo, 2°,Ni, and 
nor lower creep 


Phase in Steel and the Phase Resulting from 0-3%Cr.—k. E. 3 
Electron Microscope Investigation of the Its Plastic Deformation. I. Bastien and K The Influence of Magnesium on the Eutec- 
Structure of 189 CrNiTi Steel After Various Margerand. (Génie Civil, 1958, 135, Sept. 15,  toid Smnemation Temperature of Nodular 








Heat Treatments. I. |. Kvashnina. (Metall 375-376). In 18-8 steels, plastic deformation a. F. Varga and J. Vereskéi. (Kohdaszati 
Ohrabotka Met., 1957, (5), 35-38). The prepara converts some phase to phase Micro ipok, 1958, 18, Feb.-March, Ont ide, 37-41 
tion of specimens for electron microscope graphic and X-ray studies are reported on Tests carried out in Hungary with nodular 
examination to study the structural changes 18-8 and 18-4 manganese steels compressed east irons containing up to 6°%,S8i show that 
in 18 9 CrNiTi steel during heat treatment at room temperature and at 300-370) ¢ The Mg increases the euteetoid transformation 
is described Examination of the quenched process 1s similar to bainite formation, a large temperature This increase is 45 50° C for a 
steel showed that the austenite grains had a number of very small ervstals being formed normal nodular cast iron contaming 2-3°,Si, 
block structure with varying orentation of Domain Wall Orientations in Silicon Iron but only 35 C for a similar cast iron containing 
the blocks tn each gram and at its boundaries. Crystals. C. D. Graham jun. and P. W O-5° Ni PrP. K 
In the structure of steel quenched from 1100 Neurath. (J. Appl. Phys., 1957, 28, Aug., Some Problems in the Formation of the 
1300° C, titanium carbide was present, but the SSS SUL). Strecture of Carbon Steel. A. N. Alfimov 
umount diminished as the quenching tempera On the Crystal Structure of the Intermediate Vetallov. Obrabotka Me 1957, (9), 17—18) 
ture was raised. The author was not able to Phase « in ange Iron Alloy. H. Yoshida The author discusses structural transforma 
ascertain the nature of the acicular phase (Nippon Kinzoku, 1956, 20, May, 292-24) tions in carbon steel with special reference to 
although metallographic analysis showed that Single-crystal X-ray examinations were made the austenite transformation He considers 
the marked ise in impact strength on Ti-6%, Fe alloy. The w phase has a complex that there is a range where this is martensitic 
observed with gh quenching temperatures body-centred cubic lattice, the parameter and uses this idea, allowing for the influence 
above 1150 C) is associated with the solution being aw 9-76A. The space group is Im3m of transformation temperature, phase stresses 
of particies of the acteular phase and also of The orientation relationships between and and thermal stresses due to heat-evolution in 
particles located at the grain boundaries. w phases are (100)2//(100),,, [OL0), [O10 The the transformation, to explain some known 
Electron microscope examination of the steel phase may be an intermetallu compound effects meluding increased carbon concentra 
after quenching and ageing revealed an The Formation of «-Carbide by the Tempering = tion and quantity of carbides round tempered 
acicular phase in the structure which had not of Low-Carbon Martensite. S. Modin Jern martensite rystals and crystals formed by 
been observed with the optical microscope konta. Ann., 1958, 142, (4), 209 211). Investi isothermal soaking of austenite at inter 
With ageing at 575° C, the electron mic roscope gations are described into the formation of <liate temperatures and the change of 
reveals this phase only after holding for about «-carbide in the tempering of a steel contaiming carbon concentration in austenite and crystals 
1O00 hh. his phase somewhat increases the 0-18°,C at temperatures of 200°, 300°, and of the new phase during austenite transforma 
tensile properties and lowers the ductile 400° C L. D.H tion at intermediate temperature s 
properties. At 800° C, the precipitation of the The Form of Precipitation of Cementite in New Knowledge in the Field of frnasferme- 
acicular phase increases in intensity Aveing Ferrite. W. Pitsch and A. Schrader (Arch tion of Steel. Greulich. (Draht, 1958, 9, 
even for only 10 h causes precipitation of the Eisenh., 1958, 29, Aug., 485-488). Orientation Apr., 119-131) \ summary is presented of 
acicular phase in a greater amount than is determination on cementite particles precipi comprehensive investigations into the thermal 
produce d with ageing for 1000 h at 575° ¢ tated in massive steel samples (in contrast transformation of steel, carried out in the 
Effect of Retained a on Properties with experiments on very thin sections research laboratory of the company Isolation 
of Steel. kK. 1. Malinkina etall. Obrabotka previously described in the literature) showed A4.G., Mannheim, and based on measurements 
Vet.. 1957, (4), 44-47 \ previous article the existence of the relationship (211), of the hardness of heat treated specimens 
showed that the effect of retained austenite OOD eem.: O11) {100 )eem.; ill OLD een These enabled changes to be detected which 
in low, medium, and high-C steels varied. An The Direct Observation of Phase Transforma- take place in a time shorter than those detect 
increase in retained austenite in low-C steels tions in Metals. K. Mitsche, F. Gabler, and ible by dilatometry 'TT-diagrams for a 
lowered the tensile strength but had the W Wurz (Berg. Hiutten Monatsh., 1958, range of carbon and alloy steels are shown, 
opposite effect in medium and high-C steels 103, June, 105-109). After a brief review of to illustrate departures from curves determined 
so that the tensile strength of the latter with various techniques employed for direct dilatometrically, which remove some of the 
an austenitic structure is higher than that of observation of phase transformations, the contradictions hitherto present as between 
the same steel having a martensitic structure application of a new method developed by straight carbon and alloy steels. Conclusions 
The authors of this former article stated that UNITRON to the observation of austenite are drawn about the implications of these 
the strength of high-C steel with an austenitic growth and transformation curves in a Cr-Ni findings for heat treatment, notably about 
structure was more than twice as great as that Mo steel is described L.D.H the possibility of extending the patenting 
of the same steel with a martensitic structure The Influence of Bismuth on the Graphitiza- treatment to alloy steels.— J. G. w 
at room temperature. This previous article, it tion of Cast Iron During Its Solidification. Transformations in Rapidly Heated Steel. 
is therefore maintained, gives rise to some Tsai Hsiao-Chu and Lui Chi-Chiung. (Scientia S. Gorezyca and T. Boniszewski. (Hutnik, 
contradictions which are discussed. It is Sinica, 1958, 7, Oct., 1 061-1 078 In English 1957, 24, Nov., 436-448 In Polish}. Trans 
considered that better results regarding the Only a small quantity of Bi can be absorbed formations during heating at different speeds 
effect of austenite and martensite on the when added in the ladle, the residual content are discussed. The form of the austenite grain 
strength of steel are determined for a given in these experiments was never above 0-018%, derived from different initial crystalline struc- 
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tures during quick and slow heating processes 
The research on the recrystalliza 
earried out by the author, 

illustrated by numerous 
photographs and graphs. 

Effect of Low Temperature Deformation on 
Phase Transformations and Properties of a 
poien 18 9 CrNiTi Steel. A. P. Gulyaev and 

Chernenko (Metall. Obrabotka Met., 
on, 5), 2-7) 18/8 CrNiTi steel undergoes 
a yea, transformation. The amount of 
martensite which is formed increases with the 
degree of deformation and diminishing defor 
temy erature 1 he most 
growth in the amount of the magnetic phase 
is produced with a deformation of about 80%, 
(torsion at 70° C) 4 further drop in 
temperature and increase in deformation have 


a ma effect on the increase in 


18 discussed 
tion of austenite, 
is described and 


mation intensive 


marten 
site 

Pearlitic Transformation in Chrome Steel 
Containing Niobium and Zirconium. 1). Ya 
Vishnyakov and L. 8. Ol’khovoi. (Metallor 
Obrabotka Met., 1957, (9), 18-21 Results 
are presented of investigations of isothermal 
austenite transiormation in two chrome steels 
containing respectively 0 7%C:; 0-3, 
0-51%Mn; 0-28, 0-25%8i; 2-15, 2-07%Cr; 
0-25, O° Nb; 0, 0-05%Zr; 0-007, 0-017 S; 
0-030, 0-016°,P Preliminary heating tem 
1000° and 1300° ¢ Kinetic 
curves, transformation diagrams, and micro 
structures are shown From these it is con 
cluded that in the isothermal transformation 
of supercooled austenite in these steels in the 








peratures were 


pearlite range the form of the pearlite changes 
into needles when the supercooling extends 
to below the upper bend of the S-curve. In 
the upper part of the intermediate range the 
transformation of austenite into needle 
troostite does not go to completion, the remain 
later changing into 


shaped 
ing austenite pearlite 
needles &. K 

The Influence of Tungsten on the Kinetic 
Parameters of Formation of Pro-Eutectoid 
Ferrite. K. Mazanec and J. Cadek. (Rev. Mét., 
1958, 55, June, 501-512) The influence of 
W on the rate of nucleation and growth of 
pro-eutectoid ferrite was studied in two 
0-4°C steels containing 0-54 and 1-58°OW 
Between 675° and 745°C the 
speed of nucleation was reduced by the 
presence of W, almost independently of tem 
perature, the speed of growth being diminished 
below 650° C and hardly alter 


respectively 


substantial! 


above 745°C with very pronounced under 
cooling speed of growth is controlled by the 
rate of diffusion of carbon in austenite. (21 


reterences) 

On the Tempering of Certain As-Quenched 
Structures of Carbon -_ Alloy Steels. J 
Papier. (Bol. A.B.M., 1958, 14, July, 363 
402) In Portuguese The author reviews 
the present state of knowledge of the effects 
ot te mpering upon martensitic and austenitic 
structures in steel Relationships 
effects and the 


shown. The 


martensiti 
between the 
mechanical properties are value 
that industry can obtain from fundamental 
research in this field is Ulustrated by reference 
to the development of the high-strength steels 
and the in prove d heat treatment of high spec d 
steels (19 references). $ 

The Effect of the Aanssiing Cycle on the 
Pearlite Cementite in an Un-alloyed Steel with 
0:86°..C. H. Modin. (Neue Hiitte, 1958, 3, 
May, 305-306 A study has been made of the 
sin the pearlitic structure of an eutec 
earbon steel du to annealing Thin 
ated to 1100°C, immediately 
metal bath at 650° C, the 
austenite rted into pearlite, and 
annealed for varying periods at 650° ¢ 
50 hours). The microstructure of the 
studied under - n 


te mpering 


change 
toid 
Barr ples were he 
transferred to a 
being conve 
were 
(2 sec to 
samples was icroscope 
and the I 

The Austenite Transformation in an Arbi- 
trary Cooling Process. V. A. Lomakin. (/zvest 
fkad. Nauk Otdel. Tekn., 1958, (2), 20-25 
The object of this study was to dubewwsini 
mathematical formulae for the theoretical 
investigation of the various problems concern 
ing the kinetics of structure transformations, 
i.e. the course of structure transformation in 
arbitrary cooling conditions, the tempering of 


electron microscope 
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various shapes under various conditions, the 
determination of the optimum conditions for 
through-tempering and the distribution of the 


structure throughout the entire cross-section 
of the cooled specimen L. 

Contribution to the Study of the Mechanical 
Properties of Isothermal Decomposition 


Products of Austenite from Some Engineering 
Steels. KR. Potaszkin and K. Bar-Avi ve 
Vét., 1958, 55, Apr., 345-363). The relation 
ship between the various 
found on isothe rmal decomposition of austenite 
and mechanical properties has been invest! 
gated. Three steels (Ni—-Cr, Cr—-Mo, and Mn) 
were studied. The 
was found to be 
properties which could be compared with those 
obtained by quench and temper while upper 
bainite was distinguished by low values of 
vield strength, reduction of area, and of 
impact strength.—-p. G. B 

Microstructural Study of the Decomposition of 
Supercooled Austenite in Magnesium Cast Iron 
with Spheroidal Graphite. LD. Sh. Frolov and 
A. N. Mirza. (Metallov. Obrabotka Met., 1957 
9), 4-9). The trans 
formation has been studied in an tron (3-12°,C, 


microstructures 


lower bainite in all three 
with mechanical 





associa 


isothermal austenitic 





0-55°. Mn, 3°5°%Si, 0-012 s, 0-10 P, 
0-10% Cr, 0-10°,Ni, 0-05°, Mg) obtained by 
inoculation with a magnesium-ferrosilicon 
alloy at 200-7007 ¢ Three transformation 


ranges were noted: pearlite (over 600° ( 

intermediate (2 and martensite In 
the first a pearlitic structure is formed in 
which the cementite coagulates and graphitizes 


at rates increasing and time 


5O-5SO™ 


with ten 

In the intermediate range, dec 
tarts with the formation of needles 
location « 


erature 


of soaking 





position 
whose shape and jepend on the 
degree of supercooling s 
Transformation of Cementite Into Austenite 
and Ferrite in the Graphitization and De- 
carburization of Cast Iron. K. P. Bunin and 
vanov Vetallov. Obrabotka Met., 1957, 
(10 . 2-4). Data are presented on the micro 
transtormation of ee 
obtained in a study of 
graphitization and decarburization of hypo 
eutectic white iron inoculated with Mg (3-12 
C, 0-49°°Si, 0-389 Mn, 0-449, P, 0-008°S, 
ind 0-062°. Mg The results show that the 


mentite coexisting with a solid solution not 


scopl nentite into 


austenite and ferrite 


saturated with carbon 18s so impoverished in 
earbon and enriched in tron that 


and growth of solid-solution ervstals becomes 


nucieation 


possible in it Under certain conditions this 


‘an oceur as well as the rrowth of solid 


solution crystals on the initial cementite 


austenite and cementite-ferrite boundaries 
Manganese- Substituted Cementites. P 

Lesag sourdon and A. Miche Comp. Rend., 

1958, 246, May 5, 2 624 cae A note 


lid solutions of Mn in cemen 
xMnx)¢ 
into 
temperatures, and a 


Homoge 
tite of the general formula (Fe, 
»btained by the diffu 
manganese at high 
thermo-magnetic 
Strengthening Austenite in Reversible Mar- 
tensite Transformation. \ CGridnev, 
Cherepin, and *. Chernenko. Vetall 
Obrabotka Met., 1957, (5), 7-12 M: 
effect of 
first cycle 


neous so 
were 
s10on of ¢ ferro 


analysis was carried out 


iximurm 
observed after the 
of treatment. When the number of 


stabilization is 


evcles is increased, there is a further stabiliza 
tion of austenite but when treated in the 
range 75° to so0° C, after fivefold 


tabilization is 


even 
ooling and heating, complete 
achieved The ter 


transformation 


iperature of the reversible 
during stabilizing 
lly constant \t 
(1 000° C sec) the process 


martensite 
treatment rev 
high rates of heating 
of strengthening of the 


mins practi 


austenite 1 compara 
tively slow R.S 

The Influence of Hot Plastic Treatment on 
the Isothermal Transformation of Austenite in 
Cr-Ni-Mo Structural Steel. Tr. Malkiewics 
Hutnik, 1957, 24, Nov., 427-436). {In Polish 


Knowledge of the changes in austenite cooled 





immediately after hot working has a practical 
value in hardenin rhe effect of plastic treat 
ment is explained as a result of three fac 

d by heat to 1250° C, 
(2) pressing and (3) reerystallization of 
which does not take place instan 
wer time, the lower 


tors 


(l) coarse grain cause 


austenite 
taneously but requires a lor 


ABSTRACTS 


the temperature of plastic treatment. T.T.T 
graphs for steel containing 0-36°,C, 1- 
1-46°,Ni, and 0-23°,Mo for 
temperatures f S507, 950°, and 
after heating to 1250° C are 
Austenite Homogeneity and Heat Treatment. 
Legat Berg. Hiitten. Monatsh., 1958, 108 
June, 110-113 Ihe influence of various heat 
treatments on the hor 


austenitizing 
1050° C and 


shown 


geneity ot austenite 


The Solubility of Carbon in Austenite from 
Cast Iron Alloys and its Importance for Heat 
Treatment. J. Motz Giess. Tech. Wiss., 
1957, Oct., 943-953 \ me levice for 
following the absorption of carbon is described 


ssurin 


together with the method of making specimens 





i 


The measurement of the change 

its of during the 
of carbon by the specimen is carried out using 
X ray techniques An 
nterpretation of the resul offered rhe 


influence of the concentration of 


constar iustenite ibsorption 


high tempe 


rature 





‘arbon In 
the austenite on the T.T.T. diagram of cast 
scribed Micrographs show the 
texture after different tre 2 


reterenc 4 R rw 


Experiments to Clear up the Transformation 
Behaviour of a Special Carbide Forming 


iron is de 


itmments 5 





Chrome Steel. Forsch. Wirts. Nordrhein 
Westfalen, No. 74, 1954, pp. 47 A steel with 
0-43°.C and 3-52° Cr after a standardized 
} t treatn is ined and the isolated 
earbides analysed ro thods, X-rays 
nd t electron 1 roscope In t pearlite 
fourtl ‘ t ! was rep ed b 

hromiu the Fe,C ph \t 38% Cr t 
stru I vent r tk oF tl iltu it 
mtent beu Of About 40 of th 
Cr could be replaced by Fe in this carbide 
In the matrix the Fe,C « ald combaian © 14° Cr 
and was of a el iracteristi 

On the Characteristics of the Bainite Trans- 
formation. -. seu Kinzoku, 
1956, 20, Aug., 453 i56 hot-stage micro 
scope is used to study the isot mal formation 

bainite, the temperature endence of the 
I nite reaction, surfa dist rtions produ 1 
lowering of Me t mp., and be iour of bainite 
during mop quenching Bainite is a b 
i shear pre verned by diffusion 


Recent Theories of the Martensitic Teene- 


formation in Iron Base Alloys. Transformation 
a errs M. Doi Bol. A.B.M., 1958, 
Apr » 215-227 In Portuguese The 


ie endeavours to provide a critical review 
tf the present state t knowledve of this field 


14 references I 


The Nature of the Mastonsite Transforma- 
Hon. M. E. Blanter and P ovichkovy 
tall. Obrabotka Met., oe 6), 1ll—14 
it is shown « _—— entally that in the process 
ot martensite tr Sformation there is a con 
tinuous variation in the state of the matrix 
enit Phe phase work-hardening whicl 
produced and the hardening of the retained 








temit increases resistance to martensite 
msformatior rhe reason r th ssation 
f r i d nucleation of martensite 
t nder othermal conditions is the 
reas 1 tl I stance of the matrix in 
connection with the phenomenon of phase 
work-hardening and hardening of the retained 
tenit lo effect further development of 
t marter wmsiormation the temperature 
nust be door sufficient deformation 
tresses must be applied R. s 


Crystallography of 
formation. J 


the Martensite Trans- 
Karp. (Hutnik, 1957, 24, Nov 


148-452 In Poli Theories of the 
mechanist ol the martensite transformation 
are described Mechanisms proposed by 
Kurdiumow and Sachs and Nishiyama are 
represented | tl transiocation of atoms in 
the plane of the austeni cell. 





On the Isothermal Martensitic Transforma- 
tion in High Speed Steel at Subzero- -Tempera- 


ture. M. Okamoto and R. Tanaka. (Nippon 
Kinzoku, 1956, 20. May, 285-288). soth 
isothermal and ithermal components of 


irtensite ar formed over a range of ter 
perature on cooling The amount of trans 
ormation during isothermal ho 


with 


Iding on sub 
lowering of the 
passes through a max. at a 


zero cooling increases 


holding temp 


JUNE, 1959 











temp. depending on the prior ageing time, and 
falls to nearly zero below 150° ¢ K. F 
Some Laws of Non-Reversible and mg ersible 
Martensite Transformation. ino 
gradskaya and G. Kreslina. (Metall 
Obrabe Vet., 1 5), 12-15). A complete 
loop versible transforma 
containing 0-06°,C, 13-2” 
and 2-12°.Co showed that 
the be, transition 1s 
stabilization of the 
on the temperature 
heated after primar 2 
The maximum degree of 


tha 
hysteresis 
tion for an alloy 
Mn, 0-28°%,Cu, 
hysteresis for 
240° C. The 
depends mainly 


winniiny of 

phase 
to which 
the specimen is 
transformation. 
stabilization during the sec 
formation is attained by 
ture corresponding to 
a~y transition. 
d by 


with one 


‘ond trans 
heating to a tempe ra 
the reversible 
Stabilization is apparently 
stresses in the y-phase which occur 
and with subsequent reversible 
ations fhe authors poimt out that 
the rehardening of hardened parts frequently 
practised on the shop floor cannot be justified 
in that heating the critical points 
removes the inflt of the ~_ istory of the 
steel on its subsequent properti R 
Accommodation Strains in Martensite For- 
mation, and the Use of a Dilatation Parameter. 
J. W. Christian lcta Met., 1958, 6, May, 
377-379). A letter. A mathematical investiga 
tion of the dilatation 
ind Mackenzie is 
im terms of ac 
face 


ena oft 


cause 
way 
transtorn 


above 
rence 


Bowles 
interprets d 
and inter 


parameter ot 
presented and 
-commodation strains 
energy. 


On the Fine Bands Appearing in the Electron- 
Micrograph of a Martensite Crystal of Iron 
— Alloy. 


Z. Nishiy ita, kK 
ol n Kinzoku, 


martensite transl 


and 
June 


Shimizu, 


20, 


mation of 


1956, 


is studied. In the surface 
martensite there are fine bands 

‘ (112)yy and spaced at a min. of 
0-02 On the etched surface, however, these 
hardly ir except near the mid-rib K.E. J 


The Habit Planes in Certain Martensitic and 
Nucleation - and - Growth Transformations. 
H. M. Otte and T. B. Massalski. (Acta Met., 
1958, 6, July, 494-499). The habit plane of 
precipitation of FeyN and Fe,P from 
dicted from the phenomenolo 
of marte 
sler et al. 
1503: J. Met 
ising from 
tensite 


nucieation 


a-iron 
is pre gical theory 
formation developed by Wech 
(Trans 1.1.M.M.E 1953, 197, 
, 1953, 5, 1503). The implications 
the possibility of extending the 
theory to diffusion-controlled 
and growth’ transformations 


“Tus te 


mar 
are 
discussed 

On the Mid-Rib of Mastenaiie. Z. Nishiyama, 
- Shimizu, and 8. 

1956, 20, July 
and optical microscopical 
reported, On the surface 
allov, most martensite 
the opposite sides of 
of the fine bands differs 
corresponds with the n 


“s ilts ot eler 
examinations 
relief of Fe—30 
plates 


386-388 Re 


Ni 


have > 
on direction 


the 
up to 7 this 
On the etched 
v two parallel mid-ribs 
between On the 
ire 


which 
Dy 
ud-rib 
plates shov 


e sone 


transient region two 


etched surface of Kovar, str 


mid-ribs K.=.2 


st« p 


ictures 
found in 
Certain Regularities in Binary Metal Systems. 
QO..8. Ivanov Doklady A.N., 1958, 119, (6), 
1142-1144 lemperature equilibrium dia 
ms of binary systems of Ti and U, with 
5 Say — Fe, Co, Ni, and Cu, are — 
in the lg of the atomie structure s 
An Estimation of the Free Enthalpy eae 
of the Ternary System Fe Mn Si at 1600 K. 
} Bonnier Compt Rend., 1958, 246. May 5, 
2617-2619). A note. The binary and ternar 
| diagran the system Fe-Mn-Si are 
as the experimental foundation for an 
estimate of the activity curves of the 
stituc based on ations, certain 
solutions, the 


cise 


{ 
is of 


con 
nts, phase rel 


the 


Duhem law Ls BD. &. 


= Metastable Iron-Chromium Disgram- 
GG. Lesnik. (Doklady A.N., 1958, 

981). This work presents a quantitative 
evaluation of the energy of atomic interaction 
in Fe-Cr partly on the 
riments on the location of curves of phas: 
the a- and y-phases. Mathematical 
shows that the formula selected is 


characteristics of 


Ciibbs 


and 


, (5 


a 


alloys, basis of new 

expe 
< " 

equilibria of 


treatment 
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insufficient to define fully 
interaction 6. i. f. 

Radiographic Investigation of the Austenite- 
Martensite Transformation in Iron Nickel 
Single Crystals under Tensile Stress. A 
Kochendorfer and G. Otto irch. Eisenh., 
1958, 29, Deec., 775-784 Radiograph 
investigation of Fe—-Ni 
formed under tensile 
habit planes to be {531}a 
planes as assumed by 
Tohoku Unit 1934, 
have almost the same 
at only 2°. Of the 
only 4 a 


stresses 


the interatomic 


stais trans 
stresses showed the 

rather than /52}a 
Nashivama (Sci. Rep 
664 Both 
position, being un 
marte 


due 


single ry 


OS4 planes 


lyned 
, 


possible 24 nsite 


orientations, to 
the external 
Studies on the Martensite Transformation 
in Iron-Nickel Alloys. I. Difference in 
Microstructure of the ‘“Schiebung” and 
. searing Transformations. %S. Takeuchi, 
*, Honma and H. Suzuki Nippon Kinzoku, 
ny 21, Jan., 51-55 The mklapp 
transformation usually s con 
taming over 30° °Ni, 
those 


tually occur, 


urs in alloy 
the Schie 
in alloys of, 20 
have 
is he 


of 25-30 


bung im 
Ni 


triations, 


below areas 


surface many parallel 
mogeneous after ets 
Ni ts Wuidmanst 
Habit | 
rences t t ) 
renege ve 
Hani etsu to Hagane 
566-368 oe 
n for a number ot 
which 
and rel: 
aus temper 
ab bed energy and magnetizé 
re Transitional Hexagonal Closely- Packed 
Phase in the 1 Transformation in Certain 
Fe-Base Alloys. 'B Cina. (Acta Met., 1958, 
6, De 748-762 It is that 
h.e.p phase, formed m isitically 
transitional Min 


rm nm some austenitic 


area rine; 
itten 
appears 
scribed 14 
Study on the Bainitic 
Cast Iron. M 
8, 44, Mar., 
ing curves are give 
pered 
heat-tre 


between 


HATES are 
refe 


of 


specimens have 
atic 


ng times and 


had various 


atments, mships are shown 
hardness, 


tion 


known 
irter 
some Fe 


unstable 


the 
phase in 

i 8s, and i hown that the 

oO rs in terna 

containing Ni, Cr, 

est effect on a weight be ev 1ot formed 
Mn conten Was t lent to nave 
Mn alloys, 


Vas the primary cause ol 


unless the 
formation in binary | 
g that Mn 
« formation in ternary allio. 

The Present State of Knowledge on the 
Sigma Phase in Iron ony kel Chromium Alloys. 
R. Ergang, G. Giinther and H. Weik Stahl 
Eisen, 1959, 79, 46-51 A very 
comprehensive rev with: Dete 
of the phase; E diagr , 
Cr; Rate of phase formation 
pretreatment on the torm of the 
Changes in mechanical properties by 
tation of the phase; Me 
formation; struc 
etlect on corrosion, 


caused 1ts 


suggestin 


Jan. 8, 


ew dealing ection 


quilibriun Ni 


ition 
chanism of 

— 
ferences) 

Physical and Metallurgical Propertios of 
Alpha Iron Silicon Alloys. P. Coulomb 
Wit. Corros. Ind., 1958, 38, Nov 31-440 
The structure, physical properties and tech 
niques of examination of the metallurgical 
of Si-Fe ontaining 10°. Si 
with reference to the 


phase 
ture of the and 


(60 re 


properties alloys « 
disc 
83 refs 

The Structure and Magnetic og of 
Some Alloys of the System Fe C N 
Dzeru, PP. Liyesks A. Mo 
Kruchianu (Rev. "Mét 
3, (2) 5& In Russian rhe 
structure and magnet properties of 
with from 1-16 to 2-35°,( 
1-1 to 12-7°,Al are examined and tabulated 

The Behaviour of Iron Amalgam on Temper- 
ing. G. Jangg, E. Fitzer, O. Adlhart and H 
Hohn. (Z. Metallk., 1958, 49, Nov., 557-562 
The chemical behaviour and the effect of 
heat on electrolytic Fe-amalgam was investi 
gated; special methods of analvsis and grain 
size measurement lor the 
described. The effect of heat 
oxidation 


is discussed 
Studies on Uranium-Iron Alloys. T. Geig 
and CC. Fizzotti W tse 
Techn., 1958, 24, Jan., 27-32 means 
of improving the stability of U are described. 
Experiments with | were carried 


are ussed, literature 


yrovanu 


Bucharest 


= EK. 

1958, 
micro 
46 Be 
from 


s 
18 


alloys and 


used purpose 


treatment 


are 


Schwe irch 


some 


-Fe alloys 


195 


thermal 
stabilized 
othermal 


out, 
( veling 


particularly by means of the 
method Phe phase is 
by small amounts of tron, otherwise i 
transformation to curs by a 
tensite reaction 

Studies on Fe ‘AL Ti System Refractory 
Alloy. On Annealing Hardness and Structure. 
H. Horiguchi (Tetsu to Hagane, 1958, 
Mar., 439-441) Che effects of temp 
additional ele Ni, Co, 
on 88 are desc 


Z — ma;r 


’ 
and 
and Cr) 

-E.J 


ments 


hardne ribed 


annealing 


CORROSION 

A Critical Analysis of Pitting Corrosion. 
N. D. Greene and M.G ( 

1959, 15, Jan., 25t—3lt 

the last 35 years is reviewed 

the proces 


‘ontana TTORVION, 
The li 
and the 
and methods of investigzs 
examined 95 rets 
On the Colloidal Interpretation of Corrosion 
and Inhibition Phenomena. J. Frasch. 
(Corros. inticorros., 1958, 6, Jan., 9-14). 
orrelate the colloidal 
corrosion products with the electro 
chemical theory of corr inhibition 
Metals with potentials 2-8 and 
8 volts do oidal solutions 
form colloids either 
between 0-8 


for 
ories of 


terature 


ition are 


An attempt is 
nature of 


made to ¢ 


sion and 
between 
not give cs 
eir salts do not 
potentials Li 

0-2 volts, the metals form colloidal hydrox 
ides Bet ween 0-2 and 1-2 volt, 
colloidal metals « f It is pointed out 
that the elec the 
products 1 in the 
ot the 


the and 


an orm 

charge of 
important th 
metal R. P 

Stress Corrosion of Austenitic 
Steels. 5 serg 1cciai Ino 
25, July-Oct., 115-130 rh 
the heortes of corros 


tric corrosion 


more potential 
Stainless 

1958, 
paper revie 
ion inder stress and 
s carried out at the Ave 
\ descripti mis given of 


maratu 


ws 


descrity 
Laborat« 
testing apy 
ot test- pie 


researc he sta 
the 


paration 


ries 
used and 
Phe 
corrosive agents and mcentration is 
d in detail The agents studied are 
the metalli hiloride hutions LiCl, NaCl, 
KCl, NH,Cl, MgCl,, CaCl,, BaCl,, MnCl,, 
NiCl,, ZnCl,, AICI,, eCl,, CuCl, and 
HgCl,. The effects of pH, intensity of 
loading, load effects of alloving 
elements are also studied (9 References). 

The Problem ‘of Corrosion Resistance of 
Stainless Steel. |. ( and S. Zamirea 
Rew Vet Bucarest), 1958, 3, July 
29—33 In Kenglish I x periments 
deseribed strated by 
photomicrographs, on 


nt on the res 


of the pr 
mnfl 


the 


lene ot various 
ir ¢ 


eXanilne 


SbCl., F 
the 
and the 


rnea 
Aug., 
are 
diagrams and 
the influence of heat 
stance to at 
mperatures of heat-re steel 
of thin sheet 

The Causes of Susceptibility to Stress Cor- 
rosion in Non-Ferrous Alloys and Steels. L. 
Crat Werl K rr., 1958, 9, Nov 
Iti at tensile stress is not the « 
of lo attack; 
plastic defor 
vit of the 


a) of these 


and i 


xidation 
sistant 


the form 


, 696-698 


shown th 


Aalise 
alized tensile stress produces 
the 
Experimental 
viven 
“The Effect of the Wall Temperature of the 
Rear Surfaces of Boilers on Corrosion by Flue 
Gases. Kk 
1957, 4, 


rosi 


imation, thus a acti 


solid solutio 


statements is 


etrosyan 
16-20) Mea 


comt 


* T cploenergetika, 
12), surements of cor 
yn rates in istion gases from sulphur 
containing iels were made and related to 
wall ter The importance of work 
ing above the dew point is shown 

Corrosion Caused by Flue Gases. ©. F 
Koh. Lapol 1958, 18, Oct.-Nov., 504 
This ce due to the combustion of 
sulphur in the fuel to SO,, and tally to 
SO,, and to H , forming at the dew-point. 
It can be decreased by adding to the flue gas 
NH, or, in oil f dolon »wder, and 
epuig the temperature the “a8 
dew -pe t 

Boiler Corrosion a its Alleviation by Feed- 
water Conditioning —(1). aird and N, 
Reast 1958, 5, Feb., 35-38). 
Ihe for the benefit of the 
non-sper ts of corrosion in low 
pressure rhe pro boilers at 
rest 


arkas 

FOS) 
rrosion 
es per 
SO 


irnac ite pr 


by ol flue 


Corros ’rev., 
authors dis« 
ialist the 
boilers 


iss 
Sper 
blems of 
under steaming 
illowed by brief 
wasting of boiler 


and the corrosion tn boilers 
dealt with and fe 


ms on scab pitting, 


conditions 
discussi 


ire 
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surfaces, high temperature oxidation, necking 
and rooving, dissimilar metals in contact, 
atre rosion, and caustic cracking L. E. W 

The Resistance of Ferritic-Pearlitic Steels to 
Corrosion by Steam and Combustion Products 
above 530 C. B. Pfenosil Hutn. Listy, 
1958, 18, (7), 603-611 The corrosion resis 
tance of six Cr-Mo-W-V-Ni ateels with 


is proportions of the alloying elements 


e ; An lin the range 530-650° C in steam 
at 180 atm. and in a corrosive atmosphere 
hbtained by the incomplete combustion of 
t mn gas containing also variable amounts of 
), together with SO,. The corrosion resistance 
Lai ilar i ate ui for all the steels the 
ipper limit of their usefulness is about 570° C 
f preheater tube ill amounts of sulphur 
have no significant effect on the corrosion rate, 
but with sulphur contents exceeding 2°, there 
an mecreasing tenden for peeling of the 
protective layer of oxide to take place This 
s enhanced in the presence of CO. The steel 
thus corrodes rapidly even though the rate 
f prowth of the oxide layer is not itself 


appre i 
semen Corresion of “Tinplate Containers. 
Y Te 









Aitamura yo Kohan, 1957, 5, De« 
13.60 In Japanese Food products, canning 
and storage conditions, ‘tin coating weight, 

mm position and surface properties of the steel 
ha have an effect on rate of corrosion 
The lectrochemical relat mships, effects of 
dissolved O, and of anth vanins, inhibition 
by et and other factors are discussed 


iz re also considered. (56 refs 
Gasseaion of Steel Pipes in Refinery Installa- 
ane by Sulphur-Rich —— Oil. P. Csokén 
Korr n, 1958, 9, July, 443-450 

hy was found that the products of decom posi 
tion of the rude oil and superheated steam 





idded to lower the partial pressure of the 


exerted a strongly corrosive 


7 rized 
action on the steel structures of the refinery 
wes nature ind trueture of the corrosion 

ducts ar ti d L.D. 8 


” Precipita ation Processes and Intercrystalline 
Corrosion in a Stainless Austenitic Chromium 
Nickel Steel Containing Niobium. K a 
and GG. Lennartz irch. Risenh., 1958, 29, 
June 59 364 An austenitic Cr-Ni steel 
stabilized with 0-5° Nb was examined by 





anal of the residue isolated from acid 
a tron nd X-ray analysis of precipitation 
onditions durmg annealing between 500 and 
min) tter gy from #00 to Poo ¢ 
Th r i to the resistance to 
ntercr allix on testing the speci 

! 7 phate sulphuric acid solu 
tion Dissol d rbon pre pitate on cooling 
as Nb and Cr irbides, the proportion of the 
utter increasing at lower annealing tempera 
ture The effect of varying quenching and 
unnealing temperatures and annealing times 
s discussed nd references made to the 
effect of the combination of Nb with the 
pitt en pre sis ies te 


Influence of Thermal Treatment on the 
Resistance to Corrosion of Thin Sheets of 20-9 
Stainless Steel Containing Titanium. I. 
Atmospheric Corrosion at Elevated Tempera- 
tures. |. Cornea and St. Zamirea. (Studii si 





(Cercetar le Metalurgve, 1958, 3, (1), 19-31 
In Rumaniar I ffect of thermal treat 

nt t F hh ote peratures in the furnace 
t | e to oxidation of thin 
t (>. OE \ x ined. The stainless 
teel examined contained 0-3°,T! Specimens 
were heated at var s temperatures trom 
HOO YOO" ¢ rupto LOOT It w is found that 
it | t ! the u nt t territe present 
mproved nee t xidation; this was 
ttr ted t mpoverishment of Cr in the 
austenite gra Corrosion mereased with 
mere ‘ 


A Survey ‘ot Corrosion in Pac kaging (1). 
ID. \ ther ( ’ , 1958, §, 


Feb ‘7 50. 74 In this first article the 
author mmMmart7 the causes of corrosion in 
p being due to (1) con 
tarninat t re rotectior y nadequate 
physical urrier, ; inadequate degree of 
protect I and (4 rr ron mauemn lemente 
in the packaging material The physical 
bart r i t he tine orrosior 
pres thor thod are liscussed ws are the 
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problems arising fror humidity and the Fe,0, was formed on the layer of FeO, 
limitations of semi-rigid barriers Sprat time and amount { the ler t d , 
packaging is consice red and temporary coat on the rate of s (co 1} 

ings are assessed L.E.W of the scales aimed 


High-Temperature Corrosion by Hydrogen Accelerated High Semper ature Oxidation 
Sulphide, According to Experiences in Petro- Due to Vanadium Pentoxide I Sack 
leum ~oeuias. P. W Sherw vd Werl Vetallurqia, 1958, Marct 123-1 3¢ \y 





Corr., 1958, 9, May, 273-27 The corrosive 167~-173 The harmf 
action of H.S at high tomperst ires in petro ashes on gas turbines i ttributed to V,O,, 
leum refining is ussed The degree of alone or wit} I Ir t 2 
corrosion 18 4 aaa governed by temperature are described into the 

and concentrations of the H S, the lower limit secondary effect and tt 

of corrosive attack being 0-006-0-008 mol®, temperature 

H,S. Choice and treatment of materials to “Corrosion of Iron and Steel at High Tempera- 
withstand corrosion are discussed LD. ture. S ec, DW . al l. Wert 


Electron Diffraction Examination by Surface Hutn 1958, 25, Jar Fel 26-34 li 
Layers of Stainless Steel Attacked by NH, Gas Polish Different for ! { 





at High Temperature. T. Nakayama. (Nip ire and s I I } ( 
Kinzoku, 1956, 20, May, 288-291 Surface the seal 

layers of stainless steels attacked by ammonia and haematite, wl 

ontaining a little air at 700° C were studied a third laver, vust FeO) 

Iron nitrides (mainly Fe,N) and spinel-tyvne between the metal and tl 

oxides are formed on 13-Cr and high-Mo steels, lhe rate of formatior thes isd 

and CrN erystals are produced inside these bv the diffusior 

lavers. Corrosion surfaces on 18-8 and 25-Cr In order to obtain heat 

steels are covered by protective spinel-type essential to prev 

oxides, and no nitrides are detected under es hich an | " I | 
neath In 18-8 steel, layers of Ni (or y-phase certs elements or sides which inhibit ion 
containing much Ni) were found inside the diffusior 

oxide layers; these restrict diffusion of metals Grain Boundary Oxidat ion of Cr Ni W Steels. 
outwards and of NH, inwards K.u.7 P. Csokan let Hiche, 1958, 12, A 


The Behaviour of Heat-Conducting Alloys in 230-232 Aft r pointin 
Nitrogen and in Gases Containing Nitrogen. of Cr-Ni-W steels used for str 


H. Pfeiffer irch. Eisenh., 1958, 29, Sept., to be susceptible to decarbur ' — 





584 4 method ts descnbed suitable for consequent reduct { 
determiming the behaviour, and in particular associated with erach f 
the life of heat-resistant allovs at high tem stressed parts, the author d =e ; be 
peratures In gas mixtures Annealing Fe—Cr ments on a part made ft t ft 
Al alloys in N, showed a reduction in life of type (1-4%Cr, 4-05%Ni, 1-029 W, 0-22%¢ 
about 20° compared with air treatment, In th case the format 
whereas an improvement was obtained with attributal for? 





Ni-Cr base allovs The results are discussed neous mterer t 
Influence of Corrosion of Stressed Metals. 

M. Matejic¢. Zastita Mat., 1957, 5, 12), 423 

427 In Serbocroat ) rar) 


treatments on corros! 





issed in the 





of corrosion inhibit« 











light of several publications dealing with the 1958. 

subject P. 1 I ( \l 
The Behaviour of Cast Iron in Acids and allo ror 

Acid Mixtures in the Presence and Absence of 0-2 3:0 and 9 30°, respectiy V 

Inhibitors. W. Machu and M. G. Fouad in the range 900-1050° ¢ With « 

Verkstoffe Korrosion, 1958, 9, June, 369-379 combinations blisters formed th r 
Loss in weight of cast iron and inhibiting of specimens, part lar it hicher ¢ pera 
action were examined in various single acids tures Breaks in tl ON 
and mixtures with or without organ and accompanied thet ! 
inorganic inhibitors. The act 1 of an inhibitor rma 
is reduced by surface carbides and silicide tectis 1 ia la I ed |} 

The Attack of Tin- Bearing 5 Melts on changes connected with the ) 

Iron. LD. Horstman: visenh., 1958, the into the phase ' 

29, June, 397-400). The attack of zine melts Oxygen Corrosion and the Growth of Cast 
on iron is increased by tin additions Phe Iron. Z. Dur Przeq 0 hea 
te ‘rrature range of intensified attack pro 1958, 8. June 164-169 Ar 

fo linear! with time, is widened with Pilling and B rth } 
increasing tin contents and displaced to lower non-ferrous meta to the corr 

tem pe ratures iron, tt ng the connect ' vit \ 


The Attack of Zinc Melts Saturated with theor f the ‘ 
Iron on ryt rpm Bearing Iron. 1). Horst tivit the formatior ’ 
mann rch. Eisenh., 1958, 29, Aug., 463 Krupowski's stud +} . , ‘ 





466) na attack of Zn melts on iron was ifforded 

investigated for Mo contents of up to 5-25 meta On this basis a stud 

Additions of Mo at increased attack: this of various 

was however reduced with higher amounts, change temperatures | 

being less at 5°.,Mo than with Mo-fre ror lescribes exper ents arr ] to 19 
The temperature and tin iependence of the in conjunction with B. Dept +} Front 


attack were investi | 


Biological pete a and Some of Its Effects. ah ixon a4 vated te 


P. Colomt Zattita Mat., 1958, 6, (2), 61-64 niluence « techn cal t } 

In Serbocroat The origin and mode of t iti - 

operation of corrosion indu a by micro- Oxidation of S ieseehanter Materials by High- 
organisms are discussed, and methods of pr Temperature Steam. J. 1 iF. rle 
venting it are considered. A special case of the 1.S5.M-} 1957. : \ 

corrosion Gcue to micro-organisms, which was tion t mperat ; . 

studied by the author in a hvydr lectric oxidation increas rapid | 

power statior ul the Belgian Congo, is 1050° F for carly = : 110 1} | 
inalysed low-alloy stee Up 


The Strachan of Iron Scale. XI.—Investiga- but 9 marked 
tion of Scale Produced by the Oxidation of Iron temperature 
in Carbon Dioxide. V. I. Arkharov, V. P Report of Subcommittee XV on Atmospheric 
Mar'evich, M. Reinkhol’b, and M. I. Simonova Exposure Tests of Wire and Wire yreSuets. 
] 


(Fi Vet., 1957, 5. 2), 251-254 tadio Py iS8.7.M., 19 . 57 Q 19 
graphic examination of pecimens heated for and 1956 inspecti r 

various time it 1 OOO” Co in an atmospher rf liscussed : 

CO, showed that up to times of the order of Results of a Weathering Test of Various 


7h only FeO was produced; after 7 to 14h — Steels Protected by Paint Films. G. B 
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an importan part in obtaining good contact 
between the metallic surface and the solution 
employed. The author shows the technical 
and economic advantages im using surface 
active agents in corrosion prevention K.P 
Some Interesting Properties of the General 
Electric Field. J). Petrocokino Corros Anti 
1958, 6, July-Aug., 241-251 The 
after outlining the phy 
otective films « 


corros., 
author, 
of pr { paint or varnish in 
metals, discusses modern theories of adsorption 
and the electric field on 
corrosion 

Methods for Preventing Corrosion in Iron 
and Steel. II. Wb. I[turrioz (Met. Elect., 
1958, 22, Sept., 99-105). The use of phos 
phating and various met 


sical properties 


influence of a static 


al coatings for corro 
tion is discussed. 

Protection of Steel Against Underground 
Corrosion. K. F. Triigardh. (Corros. Anti 
corros, 1958, 6, Sept., 292-297 
methods of protection are reviewed On the 
term field trials, recommenda 

on the protection a page 
and strongly corrosive } 


sion protec 


basis of long 
tions are 
to weakly 


made 


soils, \ 


ANALYSIS 


Simple Analytical Control for Small Foun- 
dries. W. A. Burford Eng. Foundryman, 
1958, 24, Aug., 44-47) A centrifugal method 
is deseribed for the estimation of 
elements im copper and copper alloys The 
idea is to obtain with the aid of the centrifuge 
the volumes of various precipitates formed, 
these being converted into by 
multiplying with appropriate factors. In the 
discussion, the author said that the method 
could be adapted to the analysis of iron and 
steel T.G 

Pneumatic Transport of Samples in a Steel- 


several 


percentages 


works. J. Beauchamps Techn. Mod., 1958, 
50, Dec., 535-537) An account of a tube 
250 m long for carrying steel samples to the 


laboratory by compressed air The 
is sent back by teleprinter 

Photometric Determination of Manganese in 
Steel and — Iron. J. kK. Bolzan. 
Analyst, 1958, 47, Dec., 95-96 4 
phate-silver method is used 

The Determination of Manganese in Iron 
and Steel with the Minimum Amount of Silver 
Nitrate. H J Thomann Geissercitechn., 
1958, 4, Nov., 292-294). 
standardized for the determination of 
cast iron or steel by the persulphate method, 
using the minimum AgNO, and 
a sample weight of 0-1 g¢ for cast iron and 
0-29 for steel 

The Electrolytic Separation of Manganese 
At the Mercury Cathode. (. Jangy, G 
Zwerenz Metall., 1959, 18, Jan., 31-36 

The Use of the Tungsten Electrode in the 
Potentiometric Determination of Manganese 
in a. RK. Suarez Acosta Inst. Hierro 
icero, 1958, 11, 177-179 In Spanish \ 
comparative study has made 
the results obtained using a W electrode and 
using a calomel electrode: the results 
with 
Details of 


analysis 


Chem 
persul 


Conditions  aré 


Mn in 


amount of 


been between 
those 
are equally accurate, but the te hnique 
the former electrode is simpler 
the tests are given P.8 

Separate Determination of Niobium and 
Tantalum in Special Steels Using Photometric 
Methods. Veue Hiitte, 1958, 
3, Dec., 753-757) The separation and photo 
metric determination of Nb and Ti in 
W-bearing Cr-Ni steels is 

Determination of Titanium with Cupferron: 
(Ethylenedinitrilo) tetra-acetic Acid as Masking 
Agent. K Cheng (Anal. Chem., 1958, 
30, Dec 1945 Absorption is in the 
ultra-violet 

Determination of Cerium in Steels. I. 
Application of Knorre’s Method. II. Separation 
of Hydroxide, Extraction of Aluminium Ace- 
tate and Colorimetry by Use of Oxine. W 
Sekimoto. Tetsu to Hagane, 1958, 44, Mar., 
255-257; 257-260) x. 2. 

Spectrographic Control of the Zinc Bath in 
the Sendzimir Continuous Cooling Process. 
A. Porta. (Met. /tal., 1958, 8, Aug., 325-328 
The paper describes tests carried out at Corni- 
gliano on a continuous galvanizing plant 
recently installed. The process uses an A.R.L. 


Grossfuss 


deseribed 


1941 
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“ii discharge between a 


and a graphite 


multisource ” are-like 
flat cast zine plate 
electrode The elements determined are Al 
ntrations between 0-01 and 0-30 

0-05 and 0-608 A method 


samples is described 


counter 


In cones 
and Pb between 
of preparing standard 
and data are given on the 
and accuracy of the process M.D. J.B 
Recent Applications of the Electronic 
Sounding Microanalyser. ‘T. Philibert Vet 
Ital., 1958, 50, Sept., 402-406). The paper 
describes a new type of X-ray spectrometer, 


sounding microanalvser, for 


reproducibilit 


the electronic 
inalysis of metallic or insulating 
Examples 
(12 References M.D. J.B 


elementary 


materials of practical applic atior 


are given 


Analytical Chemistry of Fused Media. 
inal. Chem., 1958, 30, Deec., 1892-1894 
A brief report of a symposiun Nothing of 


direct interest for ferrous metals is included 
Rapid Analytical Techniques at Canadian 
Exploration Limited. B. Wilson Trans 
Canad. 1.M.M., 1957, 60, 85-88) The analy 
sis of W, Pb, Zn ores is 
Determination of Small Amounts of Copper 
in Iron Ores. B. Simé. (Koh. Lapok, 1958, 


indicated 


13. Julv, 341~—343) A rapid and exact ana 
lytical method is described for determining 
small armounts of Cu in iron ores as a copper 

pyridine-thioevanate complex P.K 


Study on the Chemical Analysis of ‘* Sand 
Iron’ and Iimenite. II. Determination of 
Phosphorus, Manganese, Lime and a gen 
S. Wakamatsu Tetsu to Hagane, 1958, 44, 
Mar., 306-308 K.E.J 

Polarographic Determinaticn of Iron and 
Manganese in Ores and Metallurgical Products. 
- Issa, R. M. Issa and I. F. Hewaid) 
(Chem.-Analyst 1958, 47, Dee SS-HO), 
Methods for Mn in steel or cast iron and Mn 
and Fe in ores are given, using triethanolamine 

Developments in Silicate Analysis. 
BIS.R.A. Summary 128, pp. 2. brief 
review referring to the sritish Ceramic Re 
search Association and U.S. Geological Survey 
methods 

The Rapid panes of Silicate Rocks and 
Minerals. J. P. Riley fnal. Chim {cta., 
1958, 19, Nov., 413-428). Methods are 
described for the rapid ind 
of silicate rocks, including 
determination 

Methods of Gas Analysis. (2.1.S.R.A 
Summary 129, pp. 2 A general review of 
methods, reagents and methods of 


accurate anal 





alkali me 


sampling 
analysis 

The Determination of Microgram Quantities 
of Sulphur in Industrial —. FE. Abel and 
H. Barth. irch. Eisenhiitt., 1958, 29, Nov., 
683-684 The method developed bv H 
Stratmann for the determination of SO, in 
the atmosphere has been applied satisfactoril 
to the determination of the total sulphur 
content of industrial gases Its applicatior 


to solid and liquid substances is advocated 


INDUSTRIAL USES AND 
APPLICATIONS 
The Characteristics of Steels for Metal 
Structures. Herbiet Prat. Soud., 1958, 12, 
Jan., 1-5 An outline of the characteristics 


of structural steels of various compositions, 
ith reference to their welding 
Progress | in the Development and Application 
of Steel Plates. W. Barr ST, 1959, 192 
June, 109-117) This issue 
Steel Soe Prestressed Concrete. L. Tho 
Tekn. Ukeblad, 1958, 105, Nov. 20, 1011. 
1018 Problems connected with the quality 
of steel 
cussed from the 
standpoints The first 
structures of varior 
lines the properties of steel intended for rein 
foreed concrete 
High-Tensile Bolts for Steel Construction. 
©. Steinhardt and K. Mohler (* Berichte des 
Deutschen 1 880 Stahlbau, 1954, 
18) Tests are described on the strength, 
and shaping of bolts for steel 
Behaviour and load-bearing 
" 


assessed 


properties 


ised in reinforcing concrete are dis 
metallurgical and mechanical 
part deals with the 
is types of steel, and out 


husses fiir 


composition 
constructions 
capac ity are 
Steel as a Basis for Hard-Metal Tipped 
Mining Tools. F. Fechter and FE. Oberdorfer. 


arn «ar UPTO TY ree ref A eel eT 





(Berg-Hiitten. Monatsh., 
The authors review the 
tools briefly and go on to discuss the require 
ments to be ltilled by modern tools, par 
ticularly drills. The influence of chemical 
and of heat treatment on the 
application and life of drills is discussed R. P. 

Operational Experiments on New Types of 
Steels at the ae Thermal Generating 
Station No. 9. V. \ olyakov and V. A 
Larichey iedeincaamaie 1958, 12), 44 
$8) The results are given of experiments 
carried out over a period of 4 years on the 
corrosion and erosion of medium and high 
llov heat-resisting austenitic 
clusters under operational mditions (tem 
peratures from 550-700°C and pressures 

140 atin 
ties and creep were ilso investigated Phe 
till in hand, and the range of 
extended 


1958, Feb., 26-28 


history of mining 





composition 


a steel tube 


Changes in mechanical proper 


experiments are 8 


allovs under investigation is being 
Metallographic analyses confirm the other 
results obtained M. 1 

Heat-Resistant Stainless Steel for Power 


Generating Equipment with Steam Tempera- 
tures up to 600 fi. S. Ginzburg Vetall 
Obra. Met., 1958, (6), 47-52 Phe 12°%,Cr 
stainless steels are limited to use at 420-480° ( 
by their heat-resistance Additions of Mo, 
W, Vando were made to improve 
this using a composition 0O-16—-0-21 . 
11-5-12-5°% Cr and 0-6-0-8°.Ni Various 
recommendations are made 

Steels for Use in Steam Power Plant Operating 
above 950 F: Creep, Stress- Relaxation _ 
Metallurgical ee. XR W. Ridley, A. 


ther elements 


Smith, D Armstrong and M \) fom 
Electrical Research cas atior Tech Rex 
J/T 170, 1957, pp. 59 Stress relaxation 
tests at a constant total strain of 0-15 

for times exceeding 20 000 h on three low 
alloy steels constitute the main part of the 
report Changes of impact values after stress 


relaxation testing are also measured 
Increasing to 640 C the Working Tempera- 
ture of Flat Sealing Springs of Steam Turbines. 
Mi 


r. |. Volkova Metall. Obra 1Y58, 
6 21-25 Relaxation test on U.S.S.R 
and im ported steels and Ni alloys were carried 
out to find a material with residual stresses 
not below 2 kg mm* atter 10 000h at 585 
640 Tests were carried out for 2 100 
$300 h and materials stable at 585° were 
tested again at 640 with initial stresses 





of 40-60 kg mn | but one of the steels 
tested were satisfactory at 585°, steels E1612, 
E1673 and alloy E1765 serving also at 640 
Calculation of the Most Suitable Dimensions 
= 2 gery Tubes on an Economic Basis. 


Pic and H. Haupt *Energie, 1957, 
od 287 293 With special reference to 
austenitic steels, the material, diameter and 
wall-thickness of tubes are examined and 
tables and diagrams for making comparison 
of costs are presented 35 reis 

Steels and Alloys for age Resistances. 
a. Ba Lopez inal, tlect., 1958, 35, 
Sept.-Oct., 231-245). ~e characteristics of 


steels and alloys for eleetrical re 
and their nu 
are described 
Research on the Life of Steel Cables. % 
Bellone. (Acciaio Cost? Vet., 1958, 10, 
Sept.-Oct., 241-244 rhe difticulty of for 
casting the life of steel 
operating conditions are 
The merits of Klein’s, Zignoli’s and Miermann’s 
formule are discussed Researches 
out over ars on the behaviour 
cables, rope 


sistances are 


discussed, anutacture and testin 


cables, even when 
known, 1s stressed 
irried 
a number of ye 
winding 


of colliery railway cables, 


crane cables and are furnace electrode cables 
are described. The author concludes that 
cable life can be increased by the careful 
choice of cable and insisting on a makers 
guarantee Cable construction has an import 


ant effect on life M.D. J.B 


HISTORICAL 


Results of Recent Excavations of Pre- 
historic and Early Iron Smelters in Bohemia 
and Moravia. Rk. Pleiner Stahl Eisen, 
1958, 78, Nov. 27, 1748-1754 The author 
reports the results of excavations carried out 
in Czechoslovakia, particularly Bohemia and 
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BOOK NOTICES AND NEW PUBLICATIONS 


The 
Sixth 
welfth 


Moravia after the Second World War 
development of iron smelting from . 
century B.c. to the eleventh and 
centuries a.p. is deseribed 1 

Trial Runs with a Prehistoric Bloomery 
Furnace. J. W. Gi! Stahl Eisen, 1958, 
78, Nov. 13, 1690-1695). A bloomery furnace 
of the La-Tene period was built at 
the Siegerland where previously the 
of such furnaces have been found. The 
furnace was charged with charcoal, it 
natural draught only The highest tem 
ture measured 1420 ¢ Ihe 
was 11° the iron produced was 
and embedded in the g, its carb« 
The furnace and its operation 
lasting about 30 h—is described in de 
With the experience gained in this trial, 
ther runs will be carried out r.G 

Anniversaries of Interest to the Iron and 
Steel Industry Occurring During 1959. H 
Dickmann and G. Bauhoff. Stahl Eisen, 
79, Jan. 8 41-44 Historical, of 
interest mainly in German r.G 

The Metallurgical Work ‘of Réaumur. V. 
Zsak. (Koh. Lapok, 1958, 18, August, 380 
387). The article contains a de scription of 
Réaumur’s life, and metallurgical work, 
especially in iron casting and steel carburizing 

Nasmyth and His Steam Hammer. M. 
Schofield. (Jron Steel, 1958, 31, Sept., 152 
A brief outline is given of the career of 
Nasmyth, inventor of the 
which was first used at Le 

A Great French Metallurgist: Abraham 


1958, Dee., 117 


a place in 
remains 
present 
had 
pera 
yield 
spong\ 
ontent 


was 
sla mi ¢ 
was 0-09°, 
tail. 


fur 


1959, 


James 


hammer, 
Creusot im 1840 


steam 


(Aciers Fins Spéec., 

A brief biography. 1599-1661. He 

ran a forge and arms factory at Sedan, was 

the forerunner of Vauban and bec Marshal 
of France. 


ame 


ECONOMICS AND STATISTICS 


Initiatives, Expectations and Ideas for the 
Extension of the Iron and Steel Industry. 
H. Schenck. (Stahl Eisen, 1959, 79, Jan. 8, 
1-8). Statistical. A lecture concluding that 
the present generation should work harder 
and should provide oe education for the 
coming generation 

The Change in Steel Mill Products. (Steel, 
1958, 1438, Se pt. 15, 172-177). Largest 
growth is forecast for stainless steel, light 
shapes, plates, piling and rebars Demand 
for other steel products is reviewed, consider 
ing alternative materials.—a. G. 


MISCELLANEOUS 


Accidents in the German Iron and Steel 
Industry During 1957. — — 
H. Antoni (*Stahl Eisen, 1958, a Dec. 
1S91-—1898). Statistical rhe figures for Ger 
many are compared with those of other 
The percentage of fatal accidents 
considerably in Germany during 
as compared with 1956 r. G. 


The Use of Reflecting Substonces is Heat 
Protection. I. A. Miiller *Verhandlungen 
ler Deutschen Gesellschaft fiir rw taschutz, 
1958, 5, 158). A discussion of the physical 
processes of reflection and absorption of heat 
and of the physiological effects of radiation 
Textiles combined with Al foil are tested for 
heat protective properties and the develop 
ment of a linked dise product is described 


Fighting Noise in Workshops Taking into 
Account the Noise Spectrum. KR. Kohler 
(Stahl Eisen, 1959, 79, Jan. 8, 37-41). The 
noise in machine shops should not only be 
judged by its level, but also by its frequency 
distribution. Examples show that if the noise 
spectrum is taken into account it is 
easier to reduce the absolute level. 
histories are included.—rt. G. 


The Noise Environment and its Evaluation 
in Iron and Steel Works. 8. Ogawa, | 
Hayashi and T. Takuma T. Hygiene Iron 
Steel Ind., 1957, 6, Nov., 4-11). Research 
on Surroundings and Conditions in an AT-2 
Type Audiometry Box. Hisanari, T. 
Miura and 8. Inui. (12-16 Prevention of 
Noise in an AT-2 Type Audiometry Box and 
the Influence of Noise on the Results of Mea- 
surements. M. Hisanari, T. Tokunaga and 


countries. 
decreased 
1957 


much 
Some 


case 
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S. Inui. (17-21 Heat Injuries Occurring in 
Steelworks. M. Kawai and Takenouchi 
22-29). A Study of Labour Hygienic Con- 
ditions on the Open-Hearth Furnace. % 
Shinjo and H. Muramoto (1958, 7, Feb., 
10-18) \ comparison of plants at which 
heat stroke has and has ‘not been observed. 
On the Vitamin Excretion of the Iron and Steel 
Worker. 8. Shinjo, Nanbu, H. Muramoto, 
M. Suzuki, A. Arino and K. Yuhi. (19-23 
Observations after administration of B, and 
C tablets are reported. Skin Examination of 
Employees of a Certain Blast Furnace Cement 
Manufacturing Plant. M. Nakamura. (24-27) 
Recent Advances in Iron and Steel Industry 
Observed from the Standpoint of Industrial 
Health. 5S Ogawa. (May, 1-18 Tech 
nical improvements at the Hirohata works in 
the second rationalization of the 
outlined and the improvement of 
conditions effected, 
mments, a survey 
various departments 
dents in handling and transport are reported 


Life Tables for the Workers and Their Families 


industry are 
labour 


studies on workers in 


hot envir of causes of sick 


ness in the and of acei 
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at the Yawata Iron and Steel Works for 1954 
and 1955, and a Life Table for Each Depart- 
ment for 1953-55. H. Mizushima, N. Hata, 
N. Motoda, M. Kawai, S. Shinjo, K. Matsuura 
and T. Shigematsu 19-31 Studies on 
Labour Age in an Iron and Steel Co. 10. 
Labour Age and Service Year Distribution of 
the Female Workers and the Classification 
by the Rules for Allotting Duties. N. Motoda 
and K. Harada. (32-38 11. Labour Age 
and Service Year Distribution of the Female 
Workers Classified by Body Load of the Work. 
Aug. 6-13 12. Labour Age and Service 
Year Distribution of Female Workers Classified 
by the Nature of the Work. (1%-17 13. 
Correlation of the Age and Service Year of 
Female Workers. (17-22 Application of the 
Donaggio Urine Test for Industrial Fatigue. 
K. Harada 32-39 

Meteorites, Satellites and Ceramics. J. 5 
Rinehart ( Bull., 1958, 
37, Nov., 461 condition 
of meteorites to the 
and the role 
ramics in this application A. G. 


Ceram. Sor 

The surface 
issed in re 
misti 


mer 
457 
is cise lation 


problem of satellite « rection 


ot ce 


BOOK NOTICES 


EXTERMANN, R. C. (Editor). ‘‘ Radioisotopes 
in Scientific Research.’ (Proceedings of the 
UNESCO International Conference, Paris, 
Sept., 1957). 2 Vols. (4 in all). I. Re 
search with Radioisotopes in Physies and 
Industry Il. Research with Radioisotopes 
in Chemistry and Geology. 10} 6} in., 
pp. Xxi 761 and xxi 741. (Indexed 
separately) Illustrated 1958, Le 
New York, Paris, Los Angeles 
Press. (Price £7 each volume 

This is another of the very large 
cutting across all the 
becoming more and more 
accustomed Lack of contact between the 
sciences has become a very real phenomenon, 
not perhaps a problem, as yet, and a very 
bridge between them must be the 
with specialized techniques who 
through very diverse 
find themselves 


yndon, 
Pergamon 


sympo 
sium reports, 


nces, 


to which we are 


valuable 
workers 
approaching 
of basic training, 
so much in common and so much to con 
tribute, not, perhaps, in their 
alone It might well be that mi 
be lost if there were specific 
lectron 
name the most obvious parallel. 
that the advance 
more on the worker with the ability and train- 
ng to formulate problems than on the work 
er with mere ly the tec hnique to solve therm. 
The tmmediate critic this 
which there is any remedy, 
and sectionalized that 
itside their 
than 
Confers 


courses 
with 


speciality 
ich would 
radioisotope 
scientists, or microscopists to 
It may be 


of science depends much 


ism ol Immense 
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The Comet 4 prototype . . . a steel furnace. . . a tinning line. . 


and now a man’s heart reveals its 
performance on the strip chart of 
a Honeywell recorder. 

The recorder here tests the heart 
as a pump, diagnosing the 
‘hole-in-heart’ conditionina 


few seconds. Honeywell ElectroniKs 





Hole in the heart ar ther rdiac defects 
are now diagnosed pict at the Nationa’ 


Heart Hospita 


combine research accuracy with resistance 





to wear and rough conditions. The thousands of 
varieties available ensure that any variable can be measured .. . by strip 

or circular chart recorders... by precision indicators... by multi-point recorders 
taking measurements from up to 20 points on the same chart. 

And in process control, ElectroniKs cover all requirements. 

Pneumatic and electric control models, with proportional, integral and 


derivative action, hold any process conditions at peak efficiency. 


WRITE OR SEND THE COUPON TODAY for full information to: 
Honeywell Controls Ltd. Ruislip Road East, Greenford, Middlesex. Waxlow 2333 


My interests are as ticked 


Strip Chart Recorders Electric Controllers 
Circular Chart Recorders Pneumatic Controllers 


Multi-point Recorders ElectroniKs for research Honeywell 
ElectronikKs for (Please state applicatior 
. + 
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‘LUGS! 


2 ths YOUR problem? 





Don’t get overheated about heat retention . . . Superlite Vermiculite 
has put an end to all that —-Vermiculite is used in America for maintaining 
temperature of steel ingots in transit . . . and on the Continent, ingots transported in 
rail wagons lined with Vermiculite during 16 hours of travel only fell from 
900° C. to 700° C. You too can prove its value in your heat problems — specify 
Superlite Vermiculite for your insulating problems — Cheap, easy to handle, 
lignt-in-weight . . . 
Make further enquiries today, we're ready to help you. 


SUPERLITE ._ ” 
“se VERMICULITE “* ° @ 


SUPERLITE BUILDING MATERIALS LTD., 








PREMIER DIAMOND TYPE 25 ECONOMISER 


There ts 


scope for Ue SQUING 
tn the Steel Industry! 


An 18°, 








increase in steam capacity has been achieved 


) 


at a large steelworks, due solely to the installation 








of Green’s Type 25 Economisers on Waste Heat Boilers. 


GREEN'S 


ECONOMISER E. GREEN & SON LIMITED: WAKEFIELD 


Makers of economisers for more than one hundred years. 














GE.145(R) 








JOURNAL OF THE IRON AND STEEL INSTITUTE 





+ 
> 


Steel Works 
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One of the many control boards together with 
control desks supplied to The Steel Company of 


Wales Limited for the Coiling, Cut up and 


Finishing Lines at their Abbey Works. 


May we have your enquiries for steel 
works automatic control gear? iteh kam EEA d hewdor is 


rrecisie 


x 


x 
* 
+ 
- 


«x 
* 


* 


it a a ind 


Contactor Swit facture 
automatic electric control gear 
A.C. 


Auxiliar 


(upto 6 600¥,. 


and 650v. D.C.) for Power Station 


ies, Steel Works, Water Works, Roll- 
ing Mills, Sewage Works, Chemical Plants, 
rks and Cement Works, inc 


Electric Furnaces, Machine 


Gas Wo luding 


Cranes, Tools, 


CONTACTOR SWITCHGEAR LTD. 


BLAKENHALL WOLVERHAMPTON 
Telephone: Wolverhampton 2591 | /7 


June, 1959 


ENGLAND 


Telegrams : TACTORGEAR Wolverhampton 



















PICKLING PLANT 


A typical arrangement of Keebush Fume Extraction Chimneys for 
extracting fumes from a tube pickling plant. The plant includes an acid 
recovery section which is housed in the building shown in the 


foreground. Also shown is a bulk sulphuric acid store tank. 


For further details of complete pickling plant 


and processes please write to 


Kestner Evaporator & Engineering Co. Ltd. 


5 Grosvenor Gardens, London, S.W.1. 


hestner 


THE CHEMICAL ENGINEERS 





4 
Illustration shows a SHEPPARD 240-Mould Double Strand Pig nT SHEPPARD 
Casting machine installation supplied to The Goldendale Iron 
Co. Ltd., Tunstall, Stoke-on-Trent 


‘ 
Full details are available of other SHEPPARD Ingot and Pig 
Casting Machines for producing ingots in Aluminium - Brass - . Lereg 
4 


Bronze & Gunmetal - Copper - Lead - Zinc and Iron Pi 


SHEPPARD &® SONS LIMITED - BRIDGEND : GLAMORGAN 


Tel A SUBSIDIARY OF HAYES INDUSTRIES (WALES) LTD Grane 
BRIDGEND 1700 (5 lines) LONDON OFFICE : 153 GEORGE ST. W.1 - Tel: PADDINGTON 4239 SHEPPARD, BRIDGEND 
Representatives in South Wales & Monmouthshire for - G.W.B. ELECTRIC MELTING AND RESISTANCE FURNACES AND ELECTRIC CONTROL GEAR. 
BRONX ENGINEERING LTD - PLATE BENDING ROLLS & PRESS BRAKES 
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have world-wide 


experience in the 


design and construction of 


COKE OVEN 


and by-product plants 





THE COPPEE COMPANY (GREAT BRITAIN) LTD 
COPPEE HOUSE, 140 PICCADILLY, LONDON W.1! GLASGOW: 12! DOUGLAS STREET, C2 
Telephone HYDE PARK 680/ NE WCASTLE-ON.-TYNE 
NORPHONE, LONDON MANSION HOUSE CHAMBERS, THE CLOSE 














June, 1959 75 














VAGUUM FUSION GAS ANALYSIS 


A Robust Unit for the Accurate 
Determination of Hydrogen, 


and Nitrogen in Metal Samples. 


Compact and robust cabinet, 
glassware protected by recessed front panel. 


Samples up to 10/15 g of steel can be accommodated. 
Gas quantities of less than 1075 g can be detected. 


2M4 mercury diffusion pump with high compression ratio 
ensures large mass of gas can be extracted for sampling. 
Small collecting space employed thus reducing a source 
of additional outgassing. 


Overall size (without generator) 42 in. x 18 in. x 60 in. 
high 


+ + + HH 


Maximum crucible temperature of 2400 C obtained with 
10 kW RF generator. 





FULL RANGE OF VACUUM METALLURGICAL EQUIPMENT AVAILABLE 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. Crawley /500 


| \ Me ~~ Structural Steelwork | 








Colliery Arches | 


\ "4 Forging Blooms 
~< a) Sections 
Joists 


Uy Slabs 


Works and 

Head Office :— 
FLEMINGTON 
MOTHERWELL 


Phone: - Motherwell 347 
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For really efficient 
domelights use 


‘Perspex’ acrylic sheet 


‘Perspex’ acrylic sheet is the ideal material for 
domelights because of its extremely high light 
transmission and the fact that it is not affected by 
bad weather or by the corrosive atmospheres of 
most industrial areas. 

Furthermore, ‘Perspex’ domelights can be easily 
cleaned and maintained and last indefinitely. 
‘Perspex’ is strong, light in weight and can be heat 
shaped. It is a material used more and more by 
modern designers because it offers great scope for 
imaginative design. ‘Perspex’ is available in a wide 
range of transparent, translucent and opaque colours 
as well as in clear and opal sheet. 


Domelights made from ‘Perspex’ by ‘Cordar’ 
Roof Lights for the Central Electricity Genera- 
ting Board installed at the Blyth A power 


Station now under construction 













IMPERIAL CHEMICAL INDUSTRIES 


P 687 


June, 1959 


‘Perspex’ is the registered trade mark for 
the acrylic sheet manufactured by I.C. 


LIMITED 





‘Perspex’ acrylic sheet b 
























Domelights made from 


Cordar Roof Lights, 
Newcastle-upon-Tyne in- 


stalled at the Sunderlan 
Shipyard of Joseph 1 
Thompson and Sons Ltd 


*“PERSPEX’ 


LONDON 


i 


~ 











Refractories 


for the 
Iron and Steel Industry 





AIR AND 
WATER POLLUTION 
IN THE 


IRON AND STEEL INDUSTRY 


N 25th-26th September and on tith-12th 

December, 1957, in anticipation of the Clean 
Air Act, 1956 and the Rivers (Prevention of 
Pollution) Act, 1951 coming into full effect in June 
and August, 1958 respectively, the Iron and Steel 
Engineers Group of the Institute held two meetings 
on Air Pollution and Water Pollution in the Tron 
and Steel Industry. 
= oo , 3 Twenty-five papers were written especially for 
——— LLL the meetings, by authors from Austria, France, 
Germany, the U.S.A., and the U.K. During the 
meetings some lively and informative discussions 
took place, in which experts in a variety of fields 
gave their views. The papers, reports of the 
discussions, and contributions received subsequently 


to the meetings, together with additional authors’ 


EJs i replies, have now been published as a Special 
(4 ‘ 
Pearson consistent quality refractories Report in one volume of 260 Pp: 





a eee are available in standard brick sizes ina me m ae ; ? : 
eee wide range of materials. Special shapes of The report, No. 61 in the Special Report series 
se all cypes also made to order. 
Send for full technical information and of the Institute, is illustrated with over 200 diagrams 
prices. 











and photographs and is bound in cloth with stiff 
FIRECLAY, HIGH ALUMINA, SILLIMANITE AND SILICON CARBIDE 


BRICKS AND SPECIAL SHAPES. INSULATING BRICKS AND CON- board covers. Copies can be obtained from the 
CRETE. PLASTICJOINTING AND PROTECTIVE CEMENTS, 
REFRACTORY CONCRETE AND RAMMING COMPOUNDS. offices of the Institute, 4, Grosvenor Gardens, 


E. J. & J. PEARSON LIMITED ||) 10 SW price £4 55 ot (Members 


FIREBRICK WORKS, STOURBRIDGE £4 5s. od.) 


Telephone: Brierley Hill 7720! 
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Fit as a fiddle, quick off the mark, he’s away, 


racing for the tape and success. His equipment? Natural aptitude, 

trained muscles, good wind. Your god may be the ticker-tape, 
yuur race an industrial one relying on technical achievement. 

For that also you need good equipment, the finest materials. You must choose 

carefully. If choice of a metal is your problem, we can help you. 
Our metallurgists are always willing to advise on the use 
of nickel and nickel-containing materials. Our laboratory 
staff are testing and developing new materials all the time. 


Let us help you win your race. 


THE MOND NICKEL COMPANY LIMITED oN THAMES HOUSE MILLBANK LONDON SWI 


TGA GNie 
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“*. ... destined to be, and deserves to be, a best seller” 


Refractories Journal 


The New Entirely Revised Edition of 


Steelplant 


Refractories 
by 
J. H. Chesters 


ctions of The British Goreme Reig Bla - beaner-ps radoage Steel Pla va 





Tra 
a, ribu side ape pose This nd edit should find ite way into every 
han to sey ‘o at he ‘ne moo ar od ‘hi rer te nero and into the ha a a = cies J a er 
material in an or and leuledd sequence " as test, study or use steelplant rac ihe 
presented it with enthusiasm and imegination author is eo er edt my or thi subnet 
... refractory problems become an exciting chall- for an oe ade aid Pe ‘ee the 
enge which cannot fail to appeal to the reader . . 4p of giving an over ail ides of its pen is 
ao dix ie most readers age find it se full of 
Engin eres id e that like thi is rev r, they will make a 
Th aform lable very one of ite of memos begin om “Let us try this out...’ 
728 pa ~_ rerience, ic no engineer or 
sid ho of al 
eos Soult Hope gui nelle o pee PRICE £4 Sterling $12 U.S.A. or Canada. 
728 Pages 
274 Miustrations Post Free 


The Publications Department ~- The United Steel Companies Limited - 17, Westbourne Road, Sheffield, 10 
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COMPLETED LININGS TO 





51 BLAST FURNACES 
99 HOT BLAST STOVES 


52 STEEL MELTING 
FURNACES 








_ BRICKS LAID YEARLY — 12 MILLION 
STAFF — 80 FURNACE BRICKLAYERS 


TATTERSALL 


REFRACTORY CONTRACTORS 


137, SOUTHFIELD ROAD MIDDLESBROUGH. 
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Well within the meaning 
of the Clean Air Act 


These tail gas mist precipitators, which are four of 
a total of eight installed at a sulphuric acid plant, 
have an average efficiency of 99-45%. 

When they are working, no emission at all is visible. 
By the consistent achievement of high efficiencies in 
electro-precipitation, Simon-Carves are providing an effective 
solution to the problem of air pollution throughout industry. 







HIGH-EFFICIENCY ELECTRO-PRECIPITATION BY 


Simon-Carves Ltd 


STOCKPORT ENGLAND 
AND IN JOHANNESBURG SYDNEY TORONTO CALCUTTA 





SC 210 
June, 1959 








ying” 
cari 
cy Pe 
. new 


long life...- 


Orkot a 


Rolling Mill 
BEARINGS 


Orkot bearings used in 


a 28 in. sleeper plate mill 





- + « @ unique type of fabric bearing 
with an unusually low friction coefficient 


and high resistance to wear 


Orkot Rolling Mii Bearings are made by United Coke and Chemicals Company Limited 


@ subsidiary of The United Steel Companies Limited at their Orgreave Works outside Sheffield 


Enquiries to 
UNITED COKE & CHEMICALS COMPANY LIMITED 
SALES DEPARTMENT 253) P.O. Box No. 136 Handsworth, Shetheld 13 





THE UNITED 


fuCC a Phone: Woodhouse (She theld ) j2T1 Grams: *Unichem’ Sheffield 


(Geemems roem conn) 


COMPANIES LF 





03 












CONSTABLES 
FLUORITE 


Fluorspar of high calcium 
fluoride and low silica content 
for all metallurgical purposes. 

Export enquiries welcomed. 


Guaranteed quality. 


CONSTABLES (MATLOCK QUARRIES) | Fy 


Members of British Fluorspar Producers Association 


THE BRIDGE MATLOCK DERBYSHIRE TELEPHONE MATLOCK 
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GAS FIRED 


SLAB HEATING 
FURNACE 


This Furnace has a door opening 36’ 6” wide without 
intermediate jambs ensuring maximum utilisation of 
hearth area. Reversing regenerative type with 
recuperator to preheat fuel gas 
Installed at the Clydebridge Works 


of Colvilles Limited 


We specialise in the design and construction 
Open Hearth Furnaces Soaking Pits of all types 
and Slab Re-heating Furnaces 


Continuous M 
Furnaces 


Continuous Bogie type Ingot 
Aluminium Melting, Coil 
Forge and Heat Treatment Furnaces 
and Bar, Furnaces 


ne Bloon 

ind Slab Heating 
Furnaces for Annealing and Slab Re-heating 
Stress Relieving Furnaces Shipyard Plate 
Modern Lime Burning Kilns 


PRIEST FURNACES LIMITED 


also ac 


LONGLANDS - 


TELEGRAPH BUILDINGS HIGH STREET 


MIDDLESBROUGH 


SHEFFIELD 


The last word in 
Furnace design 
June, 1959 
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OHN 
HAW 


build presses for you 





John Shaw build a very wide range of 


hydraulic presses—all to the very highest 








standards. What is more, we consult closely 
with our customers so that the presses they buy 


precisely fit their production requirements. 


450 ton heavy duty scrap metal 
baling press —all outputs catered for. 


JS2 





Processes- 


With an operating temperature range of 
1,400° to 1,750°F., the following controlled 
atmosphere processes can be carried out. 

. Gas Carburizing. 

. Hot Oil or Marquenching. 

. Clean Hardening. 





. Dry Cyaniding or Carbonitriding. 
. Carbon Restoration. 


. Homogeneous Carburizing. 


NO We WN = 


. Clean Annealing. 


The two “ Allcase’’ furnaces 


illustrated are at the works of a leading 
motor manufacturer, and are used for 
carburising and carbonitriding steering and 
other parts, requiring various case 
compositions and depths. The hearth area of 
each furnace is 3’ 0” x 2’ 0” with I’ 6” 
permissible depth of charge, and is 
designed to accommodate gross charge 
weights varying from 900 Ibs. at 750°C. 


British Furnaces Limited - Chesterfield — « soivs. x 950°. 


ASSOCIATED WITH SURFACE COMBUSTION 
CORPORATION, TOLEDO, U.S.A. 
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GUEST KEEN 
COMPANY 


IRON & STEEL COMPANY LIMITED, 


east moors, GARDIFF. 


TELEPHONE : CARDIFF 33151 
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ORE HANDLING OVERSEAS 


Overseas contracts include: 

Two ore unloaders, each with I5 ton capacity 
grabs, with a combined handling capacity of 
3,000 tons per hour. 

One ore bridge, 560 ft. long, with 18 ton 
capacity grabs capable of handling |,500 tons 
per hour. 


Two ore unloaders, at a large steelworks in Argentina, equipped with 
124 ton capacity grabs jointly handling 2,200 tons of ore per hour. 


ASHMORE, BENSON, PEASE & COMPANY 
MEMBER OF THE POWER-GAS GROUP 


(In association with McKiernan-Terry Corpn. (Mead-Morrison Divn.) U.S.A.) 


STOCKTON-ON-TEES AND LONDON 


June, 1959 Inside back cover 








26° 
ROLLER STRAIGHTENING 
MAGHINE 





This 26’ roller straightening machine is provided with 

driven vertical guide rollers. All-roller bearing spindles F S t ht : 

are used and the frame is of heavy welded steel Or rag ening 
construction, 


JOISTS - ANGLES 
Its capacity is 12” x §” joists and 40 lbs. per yard rails. 
Other Lamberton straightening machines include the §} CHANNELS ® FLATS 


which handles joists 24” x 74", and 130 Ibs. per yard rails. 


LAMBERTON 


LAMBERTON & CO. LTD. 
Rolling mills and associated plant including 
Heavy duty Hot Saws and Shears of all kinds COATBRIDGE, 
SCOTLAND 
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